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WORKS BT HUGkH MILLER. 

FOOT-PRINTS OF THE^REATOR, OR THE AS- 
TEROLEPIS OF'^ST^OMNESS, By Hugh Milxer : 
from the third Londbn^edition, with a Sketch of the au- 
thor's life, and an Estimate of his Writings, By Sir Da- 
vid Brewster, Bart, LL. D., F. R. S. 
** Thk battle-groTind of faith is not now amon^ priestly connciis and 
parchments. Nature is the open arena npon which many a sharp con* 
test is going on between materialism and religion. Mr. Miller hunts 
among the foisil fishes of Stromness, as religiously as any pions pil* 
grim in search of sacred relics among the ruins of holy temples. He hits 
very hard in his assault upon the theory of the < Vestiges of Creation.' 
His book is one of the noteworthy achievements of the science of our 
day. It is very interesting, as well at learned and vriie,*^— Christian 
Inquirer 

'< With the exception of Bums, the uneducated genius which has 
done honor to Scotland, during the last century, has never displayed 
that mental refinement, classical taste, and intellectual energy, which 
mark alt the writings of our author." — ^^orth British Revieio. 

Dr. Buckland, at a meeting of the British Association, said he would 
five his left hand to possess such powers of descrif^tioh as this man. 

« His.n^onderful power, as a writer, and «kill as a naturalist. '*^Z.ite; 
rary Wofld.t* —' ' ,. 

In Press, and wiU 900n bepuhlishedf uniform imih the above: 

THE OLD RED SANDSTONE, OR NEW WALKS 
IN AN OLD FIELD. Froin the fourth English edi- 
tion. With Illustrations. 

" Among the eminent students of the structure of the earth, Mr. 
Hugh Milter holds a lofty place, not ooerely from the discovery of new 
and undescribed organisms in < The T)ld Red Sandstone,' 'but from 
the accuracy and beauty of his descriptions, the purity and elegance 
of his composition, and the high tone of philosophy and religion 
which dfstinguish all his writings." — Sir David Brevster. 

*< The excellent and lively work of our meritorious, self>taught 
countryman, Mr. Miller, is as admirable fpr the clearness of its de-* 
scriptions, and the sw^eetness of its composition, as for the purity and 
gracefulness which pervade it." — Edinburgh Revieto, 



Thus admirable work evinces a talent of the highest order, a deep 
• • "• ' • ^ ■• — - ' of the ' 

iry. No geologii 
peruse this volnroie without iostruction and delight." — Suiiman's 



and healthful moral feeling, a perfect command c 
" ■ ' ' ilosc 



and a beautiful union of philosophy and poetrj 
perUse this volnroie without 
American Journal cf Science. 



i finest language. 
No geologist can 



FIRST IMPRESSIONS OF ENGLAND AND 
PEOPLE. From thie second English edition. 



ITS 



« This delightful work, though only in one volume, is equal to three of 

IB ordinary type ; and cannot fail to be perused, with nigh gratifica- 

tion, by all classes' of readers. It treats of every subject which is 



presented to the notice of an accomplished traveler while he visits the 
great cities and rpmantic localities of merry £ngland. We know of no 
touriii England, written by a native, in which so much pleasant read, 
ing and substantial instruction are combined.** — ^Torth British Repieto. 

SCENES AND legends' OF THE NORTIf OF 
SCOTLAND. From the second and enlarged English 
edition. X vol., 12mo. 
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TO 



SIR PHILIP DE MALPAS GREY EGERTON, 

BART. M.P., F.R.S. b G.S. 



To you, Sir, as our highest British authority on fossil fishes, 
I take the liberty of dedicating this little volume. In tracing 
the history of Creation, as illustrated in that ichthyio division 
of the vertebrata which is at once the most ancient and the 
most extensively preserved, I have introduced a ooifsiderabie 
amount of fa^t and observation, for the general integrity of 
which my appeal must lie, not to the writings of my friends the 
geologists, but to the strangely significant record inscribed in 
the rocks, which it is their highest merit justly to interpret 
and faithfully to transcribe. The ingenious and popular author 
whose views on Creation I attempt controverting, virtually car- 
ries his appeal frona science to the want of it. I would fain 
adopt an opposite course: And my use, on this occasion, of 
your name, may serve to evince the desire which I entertain 
that the collation of my transcripts of hitherto uncopied portions 
of the geolo|^c history w^th the history itself, should be in 
the hands of men qualified, by original vigor of faculty and the 
patient researcli of years, either to detect the erroneous or to 
certify the true. Further, I feel peculiar pleasure in availing 
myself of the opportunity furnished me by the publication of 
this little work, of giving expression to my sincere respect for one 
who, occupying a high place in society, and deriving his descent 

(iii) 



IT DEDICATION. 

from names iUastrious in history, has wisely taken up the true 
position of birth and rank in an enlightened country and age; 
and who, in asserting, by his modest, persevering labors, his 
propw standing in the scientific world, has rendered himself first 
among his countrymen in an interesting department of Natural 
Science, to which there is no aristocratic or " royal road." 

I have the honor to be, Sir, 

With admiration and respect, 

Tour obedient, humble senrant^ 

HUGH MILLER. 



TO THE READEB. 



There are chapters in this little volume which will, I 
am afraid, be deemed too prolix by the general reader, 
and which yet the geologist would like less were there 
any portion of them away. They refer chiefly to or- 
ganisms not hitherto iigwed nor described, and must owe 
their modicum of value to that very minuteness of detail 
which, by critics of the merely literary type, unacquaint- 
ed with fossils, and not greatly interested in them, may 
be regarded as a formidable defect, suited to overlay the 
general subject of the work. Perhaps the ln^t-mode of 
compromising the matter may be to intimate, as if by 
beacon, at the outset, the more repulsive chapters; some- 
what in the way that the servants of the Humane Society 
indicate to the skater who frequents in winter the lakes in 
the neighborhood of Edinburgh, those parts of the ice on 
vrhich he might be in danger of losing himself. I would 
recommend, then, readers not particularly palaeontologi- 
cal, to pass but lightly over the whole of ray fourth and 
fifth chapters, with the latter half of the third, marking, 
however, as they skim the pages, tte conclusions at which 
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I arrive regarding the bulk and organization of the extra- 
ordinary animal described, and the data on which these 
are founded. My book, like an Irish landscape dotted 
with green bogs, has its portions on which it may be 
perilous for the unpracticed surveyor to make any consid- 
erable stand, but across which he may safely take his 
sights and lay down his angles. 

It will, I trust, be found, that in dealing with errors 
which, in at least their primary bearing, affect questions 
of science, I have not offended against the courtesies of 
scientific controversy. True, they are errors which also 
involve moral consequences. There is a species of super- 
stition which inclines men to take on trust whatever as- 
sumes the name of science; and which seems to be a re- 
action on the old superstition, that had faith in witches, 
but none in Sir Isaac Newton, and believed in ghosts, 
but failed to credit the Gregorian calendar. And, owing 
mainly to the wide diffusion of this credulous spirit of the 
modern type, as little disposed to examine what it receives 
as its ancient unreasoning predecessor, the development 
doctrines are doing much harm on both sides of the At- 
lantic, especially among intelligent mechanics, and a class 
of young men engaged in the subordinate departments of 
trade and the law. And the harm, thus considerable in 
amouot,must be necessarily more than merely considerable 
in deg&de. For it invariably happens, that when persons 
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in these walks become materialists, they become also tur- 
bulent subjects and bad men. That belief in the existence 
after death, which forms the distinguishing instinct of 
humanity, is too essential a part of man's moral constitu- 
tion not to be missed when away; and so, when once fair- 
ly eradicated, the life and conduct rarely fail to betray 
its absence. But I have not, from any consideration of 
the mischief thus effected, written as if arguments, like 
cannon-balls, could be rendered more formidable than in 
the cool state by being made red-hot. I have not even 
felt, in discussing the question, as if I had a man before 
me as an opponent; for though my work contains numer- 
ous references to the author of the "Vestiges," I have 
invariably thought on these occasions, not of the anony- 
mous writer of the volume, of whom I know nothing, 
but simply of an ingenious, well-written book, unfortu- 
nate in its facts, and not always very happy in its 
reasonings. Further, I do not thinkthat palaeontological 
fact, in its bearing on the points at issue, is of such a 
doubtful complexion as to leave the geologist, however 
much from moral considerations in earnest in the matter, 
any very serious excuse for losing his temper. 

In my reference to the three great divisions of the geo- 
logic scale, I designate as Pdlaozoic^ all the fossilifer- 
ous rocks, from the first appearance of organic existence 
down to the close of the Permian system; all as Secondary ^ 



rm TO THB BSADSB. 

from the close of the Permian system down to the close 
of the Cretaceous deposits; and all as Tertiary^ from the 
close of the Cretaceous deposits down to the introduction 
of man. The wood-cuts of the volume, of which at least 
nine-tenths of the whole represent objects never figured 
before, were drawn and cut by Mr John Adams of Edin- 
burgh (8, Heriot Place), with a degree of care and skill 
which has left me no reason to regret my distance from 
the London artists and engravers. So far at least as the 
objects could be adequately represented on wood, and in 
the limited space at Mr Adams' command, their truth is 
such, that I can safely recommend them to the palaBonto- 
.logist. In the accompanying descriptions, and in my 
statements of geologic fact in general, it will, I hope, be 
seen that I have not exaggerated the peculiar features on 
which I have founded, nor rendered truth partial in or- 
der to make it serve a purpose. Where I have reasoned 
and inferred, the reader will of cpurse be able to judge for 
himself whether the argument be sound or the deduc- 
tion just; and to weigh, where I have merely specu- 
lated, the probability of the speculation ;. but as in at 
least some of my statements of fact, he might lie more at 
mjr mercy, I have striven in every instance to make these 
adequately representative of the actualities to which they 
refer. And so, if it be ultimately found that on some oc- 
casions I have misled others, it will,.! hope> be also seen 
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to be only in cases in which I have been mistaken myself. 
The first or popular title of my work, " Foot-prints of the 
Creator," I owe to Dr. Hetherington, the well-known his- 
torian of the Church of Scotland. My other various ob- 
ligations to my friends, literary and scientific, the reader 
will find acknowledged in the body of the volume, as the 
occasion occurs of availing myself of either the informa- 
tion communicated, or the organism, recent or extinct, 
lent me or given. 



HUGH MILLER: 

SKETCHES OF HIS LIFE AND WRITINGS. 
BY SIR DAVID BREWSTER, BART. 



Op all the studies which relate to the material universe, there is none, 
perhaps, which appeals so powerfully to our senses, or which comes into 
such close and immediate contact with qur wants and enjoyments, as that 
of geology. In our hourly walks, whether on business or for pleasure, 
we tread with heedless step upon the apparently uninteresting objects 
which it embraces; but could we rightly interrogate the rounded pebble 
at our feet, it would read us an exciting chapter on the history of prime- 
val times, and would tell us of the convulsions by which it was wrenched 
from its parent rock, and of the floods by which it was abraded, and 
transported to its present humble locality. In our visit to the picturesque 
and the sublime in nature, we are brought into closer proximity to the 
more interesting phenomena of geology. In the precipices which protect 
our rock-girt shores, which flank our mountain glens, or which variegate 
6ur lowland valleys,' and in the shapeless fragments at their base, which 
the lichen colors, and round which the ivy twines, we see the 'remnants 
of uplifted and shattered beds, which once repo^d in peace at the bottom 
of the^ocean. Nor does the rounded bowlder, which would have defied 
the lapidary's wheel of the Giant Age, give forth a less oracular response 
from its grave of clay, or from its lair of sand. Floated by ice from 
some Alpine summit, or hurried along in torrents of mud, and floods of 
water, it may have traversed a quarter of the globe, amid tjie crash of 
falling forests, and the death shrieks of the noble animals which they 
sheltered. The mountain range, too, with its catacombs below, along 
which the earthquake transmits its terrific sounds, reminds us of the* 
mighty power by which it was upheaved; — while the lofty peak, with its 

(11) 
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cap of ice, or its nostrils of tire, places in our view the tremendous 
agencies whicli Iiave been at work beneath us. 

But it is not merely amid the powers of external nature that the once 
hidden things of the earth are presented to our view. Our temples and 
our palaces are 'formed from the rocks of a primeval age; bearing the 
very ripple-marks of a Pre-Adamite ocean— grooved by the passage of 
the once moving bowlder, and embosoming the relics of ancient life, and 
the plants by which it was sustained. Our dwellings, too, are orna- 
mented with the variegated limestones — ^the indurated tombs of mollusc- 
ous life — and our apartments heated with the carbon of primeval forests, 
and lighted with the gaseous element which it confines. The obelisk of 
granite, and the colossal bronze, which transmit to future ages the deeds 
of the hero and the sage, are equally the production of the earth's pro- 
lific womb : and from the green bed of the ocean has been raised the 
pure and spotless marble, to mold the divine lineaments of beauty, and 
perpetuate the expressions of intellectual power. From a remoter age, 
and a still greater depth, the primary and secondary rocks have yielded a 
rich tribute to the chaplet of rank, and to the processes of art. The 
diamond and the sapphire, while they shine in the royal diadem, and in 
the imperial scepter, are invaluable instruments in the hands of the 
artisan; and the ruby and the topaz, and the emerald and the chryso- 
beryl, have been scattered from the jewel caskets of our mother Earth,* 
to pleas& the eye, and to gratify the vanity of her children. 

Exhibiting, as it peculiarly does, almost all those objects of interest and 
research, Scotland has been diligently studied both by native and foreign 
observers; and she has sent into the geological field a distinguished group 
of inquirers, who have performed a noble feat in exploring the general 
structure of the earth, in deciphering its ancient monuments, and in 
unlocking those storehouses of mineral wealth, from which civilized 
man derives the el^aents of that gigantic power, which his otherwise 
feeble arm wields over nature. 

The occurrence of shells on the highest mountains, and the remains 
of plants And animals, which the most superficial observer could not fail 
to notice in the rocks abound him, have, for centuries, commanded the 
attention and exercised the ingenuity of every student of natuie; but 
though sparks of geological truth were from time to time elicited by 
speculative minds, it was yot until the end of the last century that its 
great ligiits broke forth, and that it took the form and ciiaracter of one 
of the noblest of the sciences. Without undei*valuing tlie labors of 
Werner and other illustrious foreigners, or thoso of our southern coun- 
trymen, Mitchell and Smith, at the dose of the last century, we may 
pharacterize the commencempnt of the present as the brightest period of 
geological discovery, and place its most active locality in the northern 
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metropolis of our island. It was doubtless from the Royal Society «f 
Edinburgh, as a center, that a great geological impulse was propagated 
southward; and it was by the collision of the Wernerian and Huttonian 
views, the antagonist theories of water and of fire, that men of intelleo- 
tuai power were summoned from other studies; and tliat grand truths, 
which fanaticism and intolerance had hitherto abjured, rose triumphant 
over the ignorance and bigotry of the age. The Geological Society of 
London, which, doubtless, sprung from the excitement in the Scottish 
metropolis, entered on the new field of research with a faltering step. 
The prejudices of the English mind had been marshaled with illiberal 
violence against the Huttonian doctrines. Infidelity and Atheism were 
charged against their supporters; and had thA-e been a Protestant Inqui- 
sition in England, at that period of general political excitement, the 
geologists of the north would have been immured in its deepest 
dungeons. 

Truth, however, marched apace; and though her simple but majestic 
procession he often solemn and slow, and her votaries few and dejected, 
yet on this, as on every occ^ion, she triumphed over the most inveterate 
prepossessions, and finally took up her abode in those very halls and 
institutions where she had been persecuted and reviled. When their 
science had been thus acquitted of the charge of impiety and Irreligion, 
the members of the Geological Society left their humble and timid posi- 
tion of .being the collectors only of the materials of future generaUzationSf 
and became at once the most successful observers of jyeplogical pheno- t^' 
mena, and the boldest asserters of geological truth. ^*^. 

In this field of research, in which the physical as well as the intelleo- *•' 
tual frame of the philosopher is made tributary to science, two of our 
countrynlen — Sir Roderick Murchison and Sir Charles Lyell — ^have been 
among our most active laborers. From the study of their native glens, 
these distinguished travelers, like the Humboldts and the Von fiuchs of 
the continent, have passed into foreign lands, ex^oring the north and 
the south of Europe, and extending th^r labors to the eastern ranges of 
the Ural and the Timan, and to the Apallachians and the AUegfaa^ies in 
the far west The geological science of Scotland has thus maintained, 
even in the world's estimate, its ancient renown; and in return for the 
lights which it has shed, and the ejiadows which it has paled, the imperial 
sovereign of the north has honoipd it with his brightest chaplet; while 
the intellectual democracy of the west has taken counsel at the feet of 
its Gamaliel. But while our two countrymen were interrogating the 
strata of other lands, many able and active laborers have been at work 
in thefr own. 

Among these eminent students of the structure of the earth, Mr. 
Hugh Miller holds a lofty place, not merely from the diieovery of new 
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and lindeBcribed organisms iu the old red sandstone, but from the aecu- 
racy and beauty of his descriptions, tlie purity and elegance of his com- 
position, and the high tone of philosophy and religion which distinguishes 
all his writings. Mr. Miller ia one of tlie few individuals in the history 
of Scottish science who have raised themselves above the labors of an 
humble profession, by the force of their genius and the excellence of 
their character, to a comparatively high place in the social scale. Mr. 
Telford, like Mr. Miller, followed the profession of a stone>mason before 
his industry and self-tuition qualified him for the higher functions of an 
architect and an engineer; and Mr. Watt and Mr. Rennie rose to wealth 
and fame without the aid of a university education. But distinguished 
as these individuals were, none of them possessed those qualities of mind 
which Mr. Miller has exhibited in his writings; and, with the exception 
of Burns, the uneducated genius which has done honor to Scotland 
during the last century has never displayed that mental refinement, and 
classical taste, and intellectual energy, which mark all the writings of 
our author. We wish that we could have gratified our readers with an 
authentic and even detailed narrative of ^he previous history of so 
remarkable a writer, and of the steps by which his knowledge was 
acquired, and the difficulties which he encountered iu its pursuit; but 
though this is not, to any great extent, in our power, we shall at least be 
able, chiefly from Mr. Miller's own writings, to follow him throughout 
his geological career. 
Mr. Miller yyas born at Cromarty, of humble but respectable parents, 



d* whose history would have possessed fto inconsiderable interest, even if it 

,• had not derived one of a higher kind from the genius and fortunes of 
their child. By the paternal side, he was descended from a race of sea- 
faring people, whose family burying-ground, if we judge from the past, 
seems to have been the sea. Under its green waves his father sleeps; his 
grandfather, his two grand-uncles, one of whom sailed round the world 
with Anson, lie als# there; and the same extensive cemetery contains 
the relics of serveral of his more distant relatives. His father was but an 
infant of scarcely a year old at the death of our author's giandfather, and 
had to commence life as a poor ship-boy; but such was the energy of his 
mind, that when little turned of thirty, he had become the master and 
owner of a fine large sloop, and had built himself a good house, which 
entitled his sou to the franchise on the passing of the reform bill. Hav- 
ing unfortunately lost his sloop in a storm, he had to begin the world 
anew, and he soon became master and owner of another, and would have 
thriven had he lived; but the hereditary fate was too strong for him, and, 
when our author was a little boy of five summers, his father's fine new 
sloop foundered at sea iu a terrible tempest, and he and his crew were 
never more beard of. M^. Miller had two.sisters younger than himself. 
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both of whom died ere they attained to womanhood. His mother expe- 
rienced the usual difficulties which a widow has to encounter in the 
decent education of her family; but she struggled honestly and success- 
fully, and ultimately found her reward in the character and fame of her 
son. It Is from this excellent woman that Mr. Miller has^inherited those 
sentiments and feelings which have given energy to his talents as the 
defender of revealed truth, and the champion of the church of his 
fathers. She was the great grand-daughter of a venerable man, still 
well known to tradition in the north of Scotland as Donald Roy of 
Nigg — a sort of northern Peden, who is described in the history of our 
church as the single individual who, at the age of eighty, when the 
presbytery of the district had assembled in tlie empty church for the 
purpose of inducting an obnoxious presentee, had the courage to protest 
against the intrusion, and to declare " that the blood of the people of 
Nigg would be required at their hands if they settled a man to the walls 
of that church." Tradition has represented him as a seer of visions, 
and a prophesier of prophesies; but whatever credit may be given to 
stories of this kind, which have been told also of Knox, Welsh, and 
Rutherford, this ancient champion of non-intrusion was a man of genu- 
ine piety, and the savor of his ennobling beliefs and his strict morals has 
survived in his family for generations. If the child of such parents did 
not receive the best education which his native town could afford, it was 
not their fault nor that of his teacher. The fetters of a gymnasium are 
not easily worn by the adventurous youth who has sought and found his 
pleasures among the hills and on the waters. They chafe the young and 
active limb, that has grown vigorous under the blue sky, and never 
known repose but at midnight. Tfle young philosopher of Cromarty 
was a member of this restless community; and he had been the hero of 
adventures and accidents among rocks and woods, which are still remem- 
bered in his native town. The parish school was, therefore, not the 
scene pf his enjoyments; and while he was a truant imd, with reverence 
be it spoken, a dunce when under its jurisdiction, he was busy in the 
fields and on the sea-shore in collecting those stores of knowledge which 
he was, born to dispense among his fellow-men. He escaped, however, 
from school with the knowledge of reading, writing, and a little arith- 
metic, and with the credit of uniting a great memory with a little scholar- 
ship. Unlike his illustrious predecessor, Cuvier, he had studied Natural 
History in the fields and among the mountains ere he had sought for it 
in books; whil^the French philosopher had become a learned naturalist 
before he had even looked upon the world of Nature. This singular 
contrast is not difficult to' explain. With a sickly constitution and a 
delicate frame, the youthful Cuvier wanted that physical activity which 
the observation of Nature demands. Our Scottish geologist, on tha con- 
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tnry, in Tigorous health, and with an iron frame,^ rnshed to the rocka 
and the sea-shore In search of the instruction which was not provided 
for him at school, and which he could find no books to supply. 

After receiviog this measure of education, Mr. Miller set out in Feb- 
ruary, 1821, with a heavy heart, as he himself confesses, "to make his 
first acquaintance with a life of labor and restraint :" — 

I was but a slim, loose-jointed boy at the time, fond of the pretty in- 
tangibilities of romance, and of dreaming when broad awake; and woeful, 
change! I was now going to work at what Burns has instanced in his 
" Twa Dogs ** as one of the most disagreeable of all employments— to 
work in a quarry. Bating the passing uneasiness occasioned by a few 
gloomy anticipations, the portion of my life which had already gone by 
had been happy beyond the common lot. I had been a wanderer among 
rocks and woods — a reader of curious books, when I could get them — 
a gleaner of old traditionary stories— and now I was going to exchange 
all my day-dreams and all my amusements for the kind of life in which 
men toil every day that they may be enabled to eat, and eat every day 
that they may be enabled to toil. The quarry in which I wrought, lay 
on the southern shore of a noble inland bay, or frith rather (the bay of 
Cromarty), with a little clear stream on the one sider and a thick fir 
wood on the other. Jt had been opened in the old red sandstone of the 
district, and was overtopped by a huge bank of diluvial clay, and 
which rose over it in some places to the hight of nearly thirty feet — Old 
Red S^ndgtonef p. 4. 

After removing the loose fragments below, picks and wedges and levers 
were applied in vain by the author and his brother workmen to tear up 
and remove the huge strata beneath. Blasting by gunpowder became 
necessary. A mass of the diluvial clay came tumbling down, ** bear- 
ing with it two dead birds, that in a -recent storm had crept into one of 
the deeper fissures to die in the shelter." While admiring the pretty 
cock goldfinch, aad the light-blue and grayish-yellow woodpecker, and 
moralizing on their fftte, the workmen were ordered to lay aside their 
tools, and thus ended the first day's labor of our young geologist. The 
son was then sinking behind the thick fir wood behind him, and the long 
dark shadows of the trees stretching to the shore. Notwithstanding his 
blistered hands, and the fatigue which blistered them, he found himself 
next morning as light of heart as his fellow-laborers, and able to enjoy 
the magnificent scenery around him, which he thus so bet^utifully de- 
ecribes: — 

There had been a smart frost during the night, and the rime lay white 
on the grass as we passed onward through the fields, but the sun rose in 
a dear atmosphere, and the day mellowed as it advanced into one of 
thoaa delightful days of early spring, which give so pleasing an eamost 
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of whatever is mild and genial in the better half of the year. All the 
workmen rested at midday, and I went to enjoy my half hour alone on 
a mossy knoll in the neighboring wood, which commands through the 
trees a wide prospect of the bay and the opposite shore. There was not 
a wrinkle on the water nor a cloud in the sky, and the branches were as 
moveless in the calm as if they had been traced on canvas. From a 
wooded promontory that stretched half way across the frith, there as- 
cended a thin column of smoke. It rose straight on the line of a plum- 
met for more than a thousand yards, and then, as reaching a thinner 
stratum of air, spread out equally on every side like the foliage of a 
stately tree. Ben-Wevis rose to the west white with the yet unwasted 
snows of winter, and as sharply defined in the clear atmosphere as if all 
its sunny slopes and the blue reti ring «h olio ws had been chiseled in mar- 
ble. A line of snow ran along the opposite hills; all above was white 
and all below was purple. — Old Red Sandstone, pp. 6, 7. 

In raising from its bed the large mass of strata which the gunpowder 
had loosened, on the surface of the solid stone, our young quarrier de- 
scried the ridged and furrowed ripple marks which the tide leaves upon 
every sandy shore, and he wondered what had become of the waves that 
had thus fretted the solid rock — and of what element they had been 
composed. His admiration was equally excited by a circular depression 
in the sandstone, " broken and flawed in every direction, as if it had 
been the bottom of a pool recently dried up, which had shrunk and split 
in the hardening." And before the day closed, a series of large stones 
had rolled down from the clay, " all rounded and water-worn as if they 
had been tossed in the sea or the bed of a river for hundreds of years." — 
Was the clay which enclosed them* created on the rock upon which it 
lay? No workman ever manufactures a half- worn article! — ^were the 
ejaculations of the geologist at his alphabet. 

Our author and his companipuei were soon removed to an easier 
wrought quarry, and one more pregnant with interest, which had . been 
opened " in a lofty wall 6i cliffs that overhangs the northern shore of 
Moray Frith. Here the geology of the district exhibited itself in sec- 
tion. 

• We see in one place the primary rock, with its veins of granite and 
quartz — its dizzy precipices of gneiss, and its huge masses of hornblende; 
we find the secondary rock in another, with its bed of sandstone and 
shale — its spars, its clays, and its nodular limestones. We discover the 
still little known but highly interesting fossils of the Old Red San(}stone 
in one deposition— we find the beautifully preserved shells and lignites 
of the lias in another. There are the remains of two several creations 
at once before us. * The shore, too, is heaped with rolled fragments, of 
almost every variety of rock — ^basalts, ironstones, hypersthenes, porphy- 
2 
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ries, bltuminons shales, and micaceous schists. In short, the youngs ge- 
ologist, had he all Europe before him, could hardly choose for himself a 
better field. I had, however, no one to tell me so at the time, for geol- 
ogy had not yet traveled so far north; and so without guide or vocabu- 
lary, I had to grope my way as I best might, and find out all its wonders 
for myself. But so slow was the process, and so much was I a seeker in 
the dark, that the facts contained in these few sentences were the patient 
gatherings of years. — Old Red Sandstone, pp. 9, 10. 

In this rich field of inquiry our author encountered, almost daily, new 
objects of wonder and instruction. In one nodular mass of limestone he 
found the beautiful ammonite, like one of the finely sculptured volutes 
of an Ionic capital. Within others fish-scales and bivalve shells, and in 
the center of another he detected a piece of decayed wood. Upon quit- 
ting the quarry for the building upon which tlie workmen were to. be 
employed, the workmen received half a holiday, and our young philoso- 
pher devoted this valuable interval to search for certain curiously shaped 
stones, which one of the quarriers told him resembled the heads of 
boarding-pikes, and which, under the name of thunder-bolts, were held 
to be a sovereign remedy for cattle that had been bewitched. On the 
shore two miles off, where we expected these remarkable bodies, he 
found deposits quite different either from the. sandstone cliffs or the pri^ 
mary rocks further to the west. They consisted of " thin strata of lime- 
stone, alternating with thicker beds of a black slaty substance," which 
burned with a bright flame and a bituminous odor. Though only the 
eighth part of an inch thick, each layer contained thousands of fossils 
peculiar to the lias — scallops and gryphites, ammonites, twigs and* leaves 
of plants, cones of pine, pieces of charcoal, and scales of fishes, the im- 
pressions being of a chalky whiteness, contrasting strikingly with their 
black bituminous lair. Among these fragments of animal and vegetable 
Ufe he at last detected his thunder-bolt in the form of a Belejnnite, the 
remains of a variety of cuttle-fish long since extinct. 

In, the exercise of his profession, which ** was a wandering one," our 
author advanced steadily, though slowly and surely, in his geological ac- 
quirements. 

I remember (says he) passing direct on one occasion from the wild 
western coast of Rosshire, where the Old Red Sandstone leans at a>igh 
ailgle against the prevailing quartz rock of the district, to where, on the 
southern skirts of Mid-Lothian, mountain limestone rises ^mid the-coal. 
I hav^ resided one seasoh on a raised beach on the Moray Frith. I have 
spent the season immediately following amid the ancient granites and 
contorted schists of the central Highlands. In th^ north I have laid 
ope;i by^thousands the shells and lignites of the Oolite; in the south I 
have disinterred from their matrices of stone or of shale the huge reeds 
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and tree ferns of the carboniferous period. )fc • )fc In the north there 
occurs a vast gap in the scale. The Lias leans unconformably against 
the Old Red Sandstone; there is no mountain limestone) no coal meas- 
ures, none of the New Red Marls or Sandstones. There are at least 
three entire systems omittod. But the upper portion of the scale is well- 
nigh complete. In one locality we may pass from the Lower to the Up- 
per Lias, in another from the inferior to the great Oolite, and onward to 
the Oxford Clay and the Coral Rag. We may explore in a third locality 
beds identical in their organisms with the Wealden of Sussex. In a 
fourth we find the flints and fossils of the chalk. The lower part of the 
scale is also well-nigh complete. The Old Red Sandstone is amply de- 
veloped in Moray, Caithness, and Ross, and the Grauwacke very exten- 
sively in Banffshire. But to acquaint one*s self with the three missing 
formations — to complete one's knowledge of the entire scale by filling up 
the hiatus — it is necessary to remove to the south. The geology of the 
Lothians is the geology of at least two-thirds of the gap, and perhaps a 
little more; — the geology of Arran wants only a few of the upper beds of 
the New Red Sandstone to fill it entirely. — Old Red Sandstone, pp. 
13—17. 

Aftei; having spent nearly fifteen years in the profession of a stone-mason, / |^ 

Mr. Miller was promoted to a position more suited to his genius. When i 

a bank was established in his native town of Cromarty, he received the 
appointment of accountant,' and he^was thus employed for five years, in 
keeping ledgers and discounting bills. When the contest in the Church 
of Scotland had come to a close, by the decision of the House of Lords 
id the Auchterarder case, Mr. Miller's celebrated letter to Lord Brougham 
attracted the particular attention of the party which was about to leave 
the establishment, and he was selected as the most competent person to 
c.onduct the Witness newspaper, the principal metropolitan organ of the 
Free Church. The great success which this journal has met with is 
owing, doubtless, to the fine articles, political, ecclesiastical, and geologi- 
cal, which Mr. MiUer h^ written for it. In the few leisure hours ^hich 
80 engrossing an occupation has allowed him to . enjoy, he has devoted 
himself to the ardent prosecution of scientific ii^uiries; and we trust the 
time is not far distant when the liberality of his country, to which he hte 
done so much honor, will allow him to give his whole time to the prose- 
cution of science. 

Geologists or high character had believed that the old red sandstone 
was -defective in organic remains; and it was not until after ten years' '^ 

acquaintance with it that Mr. Miller discovered it to be richly fossUiferous. 
The labors of other ten years were required to assign to its fossils their 
exact place in'the scale. 

Among the fossils discovered by our author, the Pterichihya or winged 
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fish is doubtlesi the most remarkable. He had disinterred it so early as 
M- ' ' 1831, but it was only in 1838 that he "introduced it to the acquaintance 

of geologists." It was not until 1831 that Mr. Miller began to receive as- 
sistance in his studies from without. In the appendix to Messrs. Ander- 
derson of Inverness' admirable Guide to the Highlands and Islands of 
Scotland, which "he perused with intense interest/' he found the most 
important information respecting the geology of the North of Scotland; 
and during a coriespondence with the accomplished authors of that work, 
many of his views were developed, and his difficulties removed. In 1838 
he com municated to Dr. Malcolmson, of Madras, then in Paris, a draw- 
. I 1. / ing and description of the Pterichthys. His letter was submitted to Agas- 

siz, and subsequently a restored drawing was communicated to the Elgin 
Scientific Society. The great Naturalists, as well as the members of the 
provincial society, were surprised at the new form of life which Mr. Mil- 
ler had disclosed, and some of them, no doubt, regarded it with a scep- 
tical eye. ** Not many months after, however, a true bona fide Pterichthys 
was turned up in one of the newly discovered beds of Nairnshire." In 
his last visit to Scotland, Agassiz found six species of the PterichtkySf 
three of which, and the wings of a fourth, were in Mr. Miller's collec- 
tion. 

This remarkable animal has less resemblance than any other fossil of 
the old red sandstone to anything that now exists. When first brought 
to view by the single blow of a hammer, there appeared on a ground of 
light-colored limestone the effigy of a creature, fashioned apparently out 
of jet, with a body covered with plates, two powerful looking arms ar- 
ticulated at the shoulders, a head as entirely lost in the trunk as that of 
the ray (o^ skate), and a long angular tail equal in length to a third of 
the entire figure. Its general resemblance is to the letter T. The upper 
part of the vertical line being swelled out, and the lower part ending in 
an angular point, the two horizontal portions being, in tlie opinion of 
Agassiz, organs of locomotion. To this remarkable fossil M. Agassiz has 
given' the appropriate name of Pterichthys MiUeri. An account of it, 
accompanied with two fine specimens, was communicated to the Geo- 
logical Section of the British Association at GlasgoW, in September, 1840, 
and the most ample details, with accurate drawings, were afterward pub- 
I C 'il lished in 1841, in Mr. Miller's first work on The Old Red Sandstone, 
which was dedicated to Sir Roderick Murchison, who was born on the 
Old Red Sandstone of the North, in the same district as Mr. Miller, and 
whose great acquirements arid distinguished labors are well known to 
scientific men. This admirable \^ork has already passed through four 
editions. From tlie originejity and aqcuracy of its descriptions, and the 
importance of the researches which it contains, it 'has obtained for its 
author a high reputation ajpiong geologists, while from, the elegance and 
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parity of its style, and the force and liveliness of its illastrations, it hat 
received the highest praise from its more general readers.* 

Although we have been obliged, from the information which it con- 
tahiB of our author's early studies, to mention the ** Old Red Sandstone*' 
as if it had been his first work; yet so early as 1830, after he had made 
his first fossil dii^coveries at Cromarty, he composed a paper on the sub- 
ject (his first published production), which appeared as one of the chap- 
ters of a small legendary and descriptive work entitletPTAc TradUioncd 
History of Cromarty, which did not appear until 1835. This chapter, en- 
titled " The Antiquary of the World," possesses a high degree of inter- 
est. After describing the scene around him in its pictorial aspect, and 
under the warm associations which link it with existing life, he surveys 
it with the cool eye of an " antiquary of the world," studying its once 
buried monuments, and deciphering the Alphabet of plants and animals, 
the hieroglyphics which embosom the history of past times and of suc- 
cessive creations. The gigantic Ben-Wevis, with its attendant hills, rose 
abruptly to the West. The distant peaks of £en-Vaichard appeared in 
the south, and far to the north were descried the lofty hills of Sutherland* 
and even the Ordhill of Caithness. Descending from the towers of na- 
ture's iofty edifice he surveys its ruins, its broken sculptures, and its half- 
defaced inscriptions, as exhibited in certain Ichthic remains of the Lower 
Old Red Sandstone, which had then no name, and which were unknown 
to the most accomplished geologists. Among these *he specially notices 
*< a confuse^ bituminous-looking mass that had much tlie appearance of a 
toad or frog,*' thus shadowing forth in the morning twilight the curious 
PteriehihySf which he was able afterward, in better, specimens, to exhibit 
in open day. As we have already referred, with some minuteness, to the 
fossils which our author had at this time discovered in the great charnel- 
house of the 'old world, we shall indulge our readers with a specimen of 
the noble sentiments Vhich they inspired, and of the beautiful language 
in which these sen^imehts are clothed. . 

But let us quit tiiis wonderful city of the dead, with all its reclining 
obelisks, and all its sculptiired tumuli, the memorials of a- race that exist 
only in their tombs. And yet, ere we go^it were well, perhaps, to in- 
dulge in some of, those serious thoughts which we so naturally associate 
with the solitary buryiug-ground, atid* the mutilated remains of the de-' 



• • Mr. Miller is the author, also, of Scenes oMd Legends of the M'orth of Scotland, one 
▼oJ. 8vb.; A Letter from one qf'tke Scotch People to .tlie Right Honorable Lard 
Brougliarn and Vaux, on the opinions expressed bu, A^a lordship in the Auchterarder 
Case.'- and t/ic. Whiggism of, the Old School, fl» exempHitflin the Past History and Pre- 
sent Position qf the Church of Scotland. The second of these works is^well oharactar- 
izeA by Mr. Gladstone as '<an able, elegant, and mascnline prpdnction." 
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parted. Let us once more look around us, and say whether, of all meii) 
the geologist does not stand most in need of the Bible, however much 
he may contemn it in the pride of speculation. We tread on the re- 
mains of organized and sentient creatures, which, though more numer- 
ous at one period than the whole family of man, have long since ceased 
to exist: the individuals perished one after one — their remains served 
only to elevate the floor on which their descendants pursued the various 
instincts of their nature, and then sunk, like the others, to form a still 
higher layer of soil; and now that the whole race has passed from the earth, 
and- we see the animals of a different tribe occupying their places, what 
survives o^ them but a mass of inert and senseless matter, never again to ' 
be animated by the mysterious spirit of vitality — that spirit which, dis- 
sipated in the air or diffused in the ocean, can, like the sweet sounds 
and pleasant odors of the past, be neither gathered up nor recalled! And, 
O, how dark the analogy which would lead us to anticipate a similar fate 
for ourselves! As individuals, we are but of yesterday; to-morrow we 
shall be laid in our graves, and the tread of the coming generation shall 
be over our heads. Nay, have we not seen a terrible disease sweep away, 
in a few years, more than eighty millions of the race to which we belong; 
and can we think of this and say that a time may uot come when, like the 
fossils of these beds, our whole species shall be mingled with the soil, and 
when, though the -sun may look down in his strength on our pleasant 
dwellings, and our 'green fields, there shall be silence in all. our borders, 
and desolation (n all our gates, and we shall Jiave no thought of that past 
which it is now our delight to recall, and no portion in that future which 
it is now our very" nature to anHcipate. Surely, it is well to believe that 
a widely different destiny aWaits us — that the God who endowed us with 
those wonderful powers, which enable us to live in every departed era, 
every. coming, period, -has given us to possess these powers 'forever; that 
not only does he number the hairs of our heads, ^ut that his pares are 
extended to- even our very remains; that our very benes, instead of being 
leftiJike the exuvise around us, to form the jr6fcks and clays of a future 
tvorld, shall, li^e those in the^ valley of visioii, be again clothed with 
muscle and sipew, and that our bodies, animated by the warmth and 
vigor of life, shall again conne(jti.our ^oils to the matter existing around 
us, and be ijBedient to every iApuJse. of the will. It is surely no time, 
when we walk amid *the dark^ cemeteries of a departed world, and see 
the cold blank shadows of tfieiirBbsValling drearily athwart the way— it 
is surely no time to extinguish the light given us to shine so fully and so • 
cheerfully on our own propter path, merely because its beamado not en- 
lighten the recesses that jayn aroynd us. And, 0, what more unworthy 
of reasonabie men than td reject, so consoling a revelation on no juster. 
quarrel than that when it nnvails to us much of what could not olhec- 



HIS hUE AND WRITINGS. 23 

wise be known, and without the knowledge of which .we could not be 
other than unhappy, it leaves to the invigorating exercisesof our own 
powers, whatever, in the wide circle of creation, lies fully within their 
grasp. — The Antiquary of the World, pp. 56 — ^58. 

The next work published by Mr. Miller was entitled ''First ItnprenwM 
of England and its People,^* a popular and interesting volume, which has - 
already gone through two editions, and which may behead with equal 
interest by the geologist, the philanthropist, and tiie general reader. It 
is full of knowledge and of anecdote, and is written in that attractive 
style which commands the attention even of the most incurious reader. ' 

This delightful work, though only in one volume, is equal to three of 
the ordinary type, and cannot fail to be perused with high gratificatioii 
by all classes of readers. It treats of every subject which is presented 
to the notice of an accomplished traveler while he visits the great cities 
and romantic localities of merry England. We know of no tour in 
England written by a native in which so much pleasant reading and sub* 
stantial instruction are combined; and though we are occasionally stop- 
ped in a very delightful locality by a precipice of Old Red Sandstone, or - 
frightened by a disinterre4 skeleton, or sobered by the burial service over ^ 
Paleozoic graves, we soon recover our equanimity, and again enter upon 
the sunny path to which our author never fails to restore us. 7 ^ '-f 

Mr. Miller's new. work, " Footprints of the Creator " is-veryapproprt- . 
ately dedicated to- Sir Philip Grey Egerton, Bart., M. P. for Cheshire — a 
g'entleman who possesses a magnificent collection of fossils, and whose 
skill and acquirements in this department of geology are known and ap- 
preciated both in Europe and America. The work itseif is divided into 
fifteen chapters, iu whibb the author treats of the fossil geology of the 
Orkneys as exhibiteci in theviciuity of Stromness, of the developmeilt . 
hypothesis, and its consequences; of the history and structure of tbat 
remarkable fish, the asterolepis; of the fishes of the upper and lowen Silu- 
rian rocks; of thd progress of degradation, and its history; -of the Lam- 
' arckjpn hy^otbj^ig of the origin of plants, and its conseque9te[s; of the 
marine and terrestrial floras; aiid of final causes, and their hearing on ge- 
ologioal history. In the course of these chapters Mr. Miller 'discusses ^ 
the ^jloprrj^ut JiyivD thesis or the hypothesis of natural *Ia^/ as main- ^ -'^^ 
tgjQjad b^Jt<SfrOfl*Pk« aijd by the author, of the Vestiges Of .Qreafion, and •*-^ 
has subjeQt^d^ it, in its geological aspect, to the most rigorous examina- 
tion. D^^iven by the discoveries of Lord Rosse from the dotnains of 
astronom*y, .where it once seeemed to hold a plausible position, it inight 
have lingered with tfate appearance of life among the ambiguities o-f the 
Falsrozoic formations; but Mr. Miller has, with an ingenuity and patience 
worthy of a belter' subject, stripped it jeven of its semblance of truth, 
and restored to the Creator, as governor of the universe, that poWer 
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and those functions which he was sapposed to have resigned at iti 
birth. 

Having imposed upon himself the task of examining in detail the vari- 
ous fossil iferous formations of Scotland, oar author extended his inquiries 
Into the main land of Orkney, and resided for some time in the vicinity 
of the busy seaport town of Stromness, as a central point from which 
the structure of the Orkney group of islands could be most advantage- 
ously studied. Like that of Caithness, the geology of these islands owes 
its principal interest to the immense development of the lower old red 
sandstone formation, and to the singular abundance of its vertebrate fossils. 
Though the Orkneys contain only the third T^art of the old red sandstone, 
which, but a few years ago, was sapposed to be the least productive in 
fossils of any of the geological formations, yet it furnishes, according to 
Mr. Miller, more fossil fish than «wry other geological system in Eng- 
land, Scotland, and Wales, from the coal measures to the chalk, inclusive. 
It Is, in short, ««Ac land offish^** and " could supply with ichthyolites, 
by the ton and by the ship-load, the museums of the world." Its vari- 
ous deposits, with the carious organisms which they inclose, have been 
upheaved from their original position against a granitic axis, about six 
miles long and one broad, " forming the great back-bone of the western 
district of the Island Pomona; and on this granitic axis, fast jammed in 
between a steep hill and the sea, stands the town of Stromness." 

The mass or pile of strata thus uplifted is described by Mr. Miller as a 
three-barred pyramid resting on its granite base/ exhibiting three broad 
tiers — red, black, and gray — sculptured with tbe hieroglyphics in which 
its history is recorded. The great conglomerate base on which it re^ts, 
covering from 10,000 to 15,000 square miles, from*^ the depth of from 
100 to 400 feet, consists of rough sand and water* wt)rn pebbles, and 
above this have been deposited successive strata of mud, equal in hight 
to the highest of our mountains, now containing the remains of mtilions 
and tens of nfillions of fish which had perished in some sudden and i|/ys- 
terious catastrophe. .'• . 

In the'e^itiination of .the different beds ,of the three-barred forma- 
tion ^..ou« author discovered a well-marked bone,' like a petrified lai^e 
roofidg;* naili in*4 grayish colored layer of'hard flag, about IDffya/ds ovet • 
the granite,\iap'U about 160 feet over the upp9r stratum o^f tho conglom- 
erate. This singular bone, ^hich Mr. Miller has represented in a figure, 
was probably the oldest vertebrate organfeim yet discovered ih Orkney.: — 
Jt was 5J^ inches long, 2J^ inches jacross the head, and 3-lOths of an 
inch thick in the^stem, and formed a characteristic. feature of ther aster- 
olepis, as yet the most gigantic of 4he ganoid fishes, and probably one of 
the first of the old red sandstoiie.' fn his forn^er researches cur author 
had found that all of the many hundred ichthyolites, which he had dis- 
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Interred from the lowmr old red sandstone, were compamtiyely of a small 
size, while those in the upper old red were of great bulk, and hence he 
had naturally inferred that vertebrate life had increased toward tiie close 
of the system — that, in short, it began with an age of dwarfs, and ended 
with an age of giants; but he had thus greatly erred, like the supporters 
of the development system, in founding positive conclusions on merely 
negative evidence; for here, at the very base of the system, where no 
dwarfs were to be found, he had discovered one of the most colossal of 
its giants. 

After this most important discovery, Mr. Miller extended his inquiries 
easterly for several miles along the bare and nnwooded lake of Stennis, 
about fourteen miles in circumference^ and divided into an upper and 
lower sheet of water by two long promontories jutting out from each 
Bide and nearly meeting in the middle. The sea enters this lake through 
the openings of a long rustic bridge, and hence the lower division of the 
lake " is salt in its nether reaches, and brackish in its upper ones, while 
the higher division is merely brackish in its nether reaches, and fresh 
enough in its upper ones to be potable." The fauna and flora of the 
lake are therefor^ of a mixed character, the marine and fresh water ani- 
mals having each their own reaches, though each kind makes certain en- 
croachments on the province of the other. 

In Ihe marine and lacustrine tforas of the lake Mr. Miller observed 
changes still more palpable. At the entrance of the sea the Fucub node- 
9UB and Fueus vesieulosus flourish in their proper form and magnitude. — 
A little further on in the lake the F. nodosus disappears, and the F. vesl^ 
j^ulosns, though continuing to exist for mile after mile, grows dwarfish 
and stunted,' and finally disappears, giving place to rushes and other 
aquatic grasses, until the lacustrine has entirely displaced the marine 
ftora. From these two important factS) the existence of the fragment of 
asteroUpia in the lower flagstones of the Orkneys, and of the *< curiously 
mixed semi-marine^ semi-lectfstrine'Vegetation in the loch 6f Stennis,'* 
Which -our author regards as bearing directlyon the develo^ggie^t Jiyppth- 
cbIsa he takes occasion to submit that hypothesis to a severe^exaniination, 
and to point out its consequences — its incompatibility with the great 
truths of Jnaar^ity and revealed religion^ According to Professor Okeu, 
one of the ablest supporters of the development theory, « Tliere are two 
kind» of generation in the world, the creation proper, and the propaga- 
tion that is sequent 'thereon, or the original and secondary generation.-^ 
Consequently no orga^iism has been created of larger size than an infu- r AT 
serial point. No organisia aQt micpscopic has been created. Man has 
not been created, bat developeli/' Hence it follows that during the great 
geological period, when race after race was de8tro3red, and new forms of 
life called into 'being,'" nature had been pregnant wUh the humaii race/' 
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and that immortal and intellectual man i$ but the derdopiQ^Rt Qjt. the 
brnte — itself the development of some monad or mollusc, which had 
been smitten into life by the action of electricity upon a portion of gela- 
tinous matter. 

After Rhowlug thfit this theory is not atheistic, though practically tan- 
lamouut to athei/nn, from its antagonism both to natural and revealed 
religion, Mr. Miller proceeds to consider what the testimony of geology 
really is on the question of creation by development. The importance 
of such an inquiry cannot be overestimated, and when we consider that 
the battle between faith and reason has been already fought on meta- 
physical ground, and must be again waged on the field of physics and 
natural science, it becomes th^ duty of our universities and their pa- 
trons to supply the students of our evangelical churches with that spe- 
cies of instruction which will enable them successfully to contend with 
the accomplished and unscrupulous adversaries who are rearshaled 
against their faith. 

If the development theory be true, " the early fossils ought to be very 
small in size," and " very low in organization.'* In the earliest strata 
we ought to find only ** mere embryos and faltuses, and if we find instead 
the fuU-groum and mature, then must we hold that the testimony of geo- 
logy is not only not in accordance with the theory, bpt in positive oppo- 
sition to it." Having laid this dovfn as the principle by which the 
question is to be decided, our author proceeds to consider <* wha.t are the 
facte.*'* The aeterolepis of Stromness seems to be the oldest organism yet 
discovered in the most ancient geological system "of Scotland, in, which 
vertebrate remains occur. It is probably the oldest of the Ganoid divi- 
sion of fishes that the world has yet produced, for there is no certain teaai 
of this order in the great Silurian system, which lies underneath, and on 
which, according to our existing knowledge, organic existence fi^t 
^egan. " How then," asks Mr. Milleri •" joji the two relevant points — 
bulk and organizatlon-^oeei it answer to> tlie demands of the develop-^ 
meut hypothesis? Wt|s. it a mere foetus of the fiuny tribe, of ;ninute 
size and imperfect embryotic faculty ? Or was it,of, at least, the ordi- 
nary bulk, and, for its class, of the average organization?" , 

In order to answer these questions, Mr. Miller proceeds . in hlaMrist. 
chapter to give the recent history, of the asterolepis; in his /our^A, to 
ascertain the cerebral development of the earlier vertebrata;. and in-hi^ 
fifth chapter, to describe the structure, bulk, and aspect of the astefo- 
le'pis. In the -rocks of Russia, certain fossil remains hiBul be^n long ago 
discovered, of si^ch a singular nature as to have perpfexed Lamarck and 
other naturalists. Their true place among fishes was subsequently ascer- 
tained by M. Eich^ald, a living naturalist; and Sir Roderick Murchiaon 
found that tliey were* Icl^thyolites of the Old Red Sandstone. Agaasiz 
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|raye them the namA of ehdonichlhys, but, in consequence of very fine 
specimena having been found in the Old Red Sandstone of Russia, which 
Professor Asmus, 'of Dorpat, sent to the British Museum, and which 
exhibited star-Iilne marJiings, he abandoned his name of cheloniehthya, and 
adopted that of agteroUpia, or star-scale, which Eiciiwald had proposed. 
Many points, however, respecting this curious iossil remained to be de- 
termined, and it was fortunate for science that Mr. Miller was enabled to 
accomplish this object by means of a variety of excellent specimens 
which he received from Mr. Robert Dick, " an intelligent tradesman of 
Thurso, one of those working men of Scotland, of active curiosity and 
well developed intellect, that give character and standing to the rest." 
Agassiz had inferred, from very imperfect fragments, that the asteroUpit 
was a strongly helmed fish of the Celacanih, or hollow spine family — 
that it was probably a flat-headed animal, and that the discovery of a 
head or of a jaw might prove that it belonged to genus Dendrodus. All ^ 
these conjectures were completely confirmed by Mr. Miller, after a care- 
ful examination of the specimens of Mr. Dick. 

Before proceeding to describe the structure of the gigantic asterolepis, 
Mr. Milter devotes a long and elaborate chapter to the subject of the 
• cerebral development of the earlier vertebrata, in order to ascertain in 
what manner their true brains were lodged, and to discover the modifica- 
tion which the cranium, as their protecting box, received in subsequent 
periods. This inquiry, which he has conducted with great skill and 
ability, is not only highly intenesting'in itself, but will be found to have 
a direct bearing on the great question which it is his object to discuss 
lind jdecide. 

The facts and reasonings contained in this chapter will, we doubt not,, 
shake to its very base the bold theory gfJProfessorOken, which has been 
80' generally received abroi|d, and which is beginning to find supporters ^ 
even among the solid thinkers of our own country. In the Isia of 18I8,^«^ 
' Professor Lorenz Oken has given the following account of the hypothesis 
to which we allude. " In August, 1806," says he, << I made a journey 
over the .Hartz. I slid down through the wood on the south side, and 
straight before me, at my very feet, lay a most beitutiful blanched skull 
of a hind. I picked it up, turned it round, regarded it intensely — the 
thing was done. * It is a vertebral column,* struck me like a flood of 
lightning, * to the marrow and bone;* and since that time the skull has 
1i)een regarded as a vertebral column.'* * . ' . 

This remarkable hypothesis, was at first received with enthusiasm by 

* Th0se cranial verteorn, whioJi are very few in number, are said to correspond to 
the four senses : the nasal, oonlar, lingual^ and anditory vertebra, each liaving thefar 
spinal procMSos and ribs. 
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the naturalists of Germany, and among others, by Agassiz, who, from 
grounds not of a geological kind, has more recently rejected it. It has 
been adopted by our distinguished countryman^ Professor Owen, and 
forms the central idea in his lately published and ingenious work *<0n 
the Nature of Limbs." The conclusion at which he arrives, that tlie 
fore-limbs of the vertebrata are the ribs of the occipital boUe or vertebra 
set free, and (in all the vertebrata higher in the scale than the ordinary 
fishes) carried down along the vertebral column by a sort Af natural dis- 
location, is a deduction from the idea that startled Professor Oken in the 
forest of the Hartz. Whatever support this hypothesis might have 
expected from geology, has been struck from beneath it by this remarka- 
ble chapter of Mr. Miller's work; and though anatomists may for a 
' while maintain it under the influence of so high an authority as Pro- 
fessor Owen, we are much mistaken if it ever forms a part of the creed 
of the geologist. Mr. Miller indeed has,* by a most skillful examination 
of the heads of the earliest vertebrata known to geologists, proved that 
the hypothesis derives no support from the structure which they exhibit, 
and Agassiz has even upon general principles rejected it as untenable. 

Mr. Miller's next chapter on the structure, bulk) and aspect of the As* 
terolepis, is, like that which precedes it, the work of a master, evincing 
the highest .powers of observation and analysis^ Its size in the larger 
specimens must have been very gr^at; and frofaa a comparison of the 
proportion of the head in the .ganoids to the length of the body, which 
is sometimes as one to five, or one to six, or one to six and a half, or 
even one to seven, our author concludes that tlie total length of the 
specimens in his possession must have been at least eight feet three 
inches, or from uine^feet nine to nine foot ten inches. The rem^na 
of an asterolepis, found by Mr. Dick at Thurso, indicate a length of from 
twelve feet five to thirteen feet eight inches; and one of the Rusisian spe- 
cimens of Professor Asmus must have been from eighteen to twenty^kree 
feet long. " Hence," says Mr. Miller, ** iu the not unimportant circum- 
stance of size, the most ancient ganoids, yet known, instead of taking 
tlieir places agreeably to the 4omands of the development hypothesis 
among the sprats, sticklebacks, and minnows of their class, took their 
place among its huge basking sharks, gigantic sturgeons, and bulky 
swordfishes. They were giants, not dwarfs." Judging .by the analogies 
which its structure 'exhibits to that -of fishes of the existing period, the 
asterolepis must have, been a ^sh high in the scale of organization. 

A specimen of 'asterolepis, discovered by Mr. Dick, among the Tfiurso 
rocks, and sent to Mr. Miller, exhibited the singular phenomena of a 
quantity of thick tar lying beneath it, which stuck to the fingers when 
lifting the pieces of rock. << What had been once the nerves, muscles, 
and blood of this ancient ganoid, still lay under its bones," a phenomenon 
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which our aathor had prarionsly seen beneath the body of a poor laieidB, 
whose frrave in a sandy bank had been laid open by the encroachments 
of a river, the sand beneath it havings been " consolidated into a dark- 
colored pitchy mass," extending a fall yard beneath the body. In like 
manner, the animal juices of the astejolepis had preserved its remains, 
by ** the pervading bitumen, greatly more conservative in its effects than 
the oil and gum of an old Egyptian undertaker." The bones, though 
black as pitch, retained to a considerable degree the peculiar qualities of 
the original substance, in the same manner as the adipocereof wot bnry- 
ing-grounda preserves fresh and green the bones which it encloses. 

In support of his anti-development views, Mr. Miller devotes his next 
and sixth chapter to the recent history, order, and size of the fishes of the 
upper and lower Silurian rocks. ' • 

Of these ancient formations the bone bed of the upper Ludlow rocks 
is the only one which, beside defensive spines of fish, contains teeth, 
fragments of jaws, and shagreen points, whereas, in the inferior deposits, 
defensive spines alone are found. The species discovered by Professor 
Phillips, in the Weniock shale, were microscopic, and the author of the 
Vestige»' jtook advantage of this insulated fact to support his views, by 
pronouncing the little creature^ to which the species belonged, as the 
foetal embryes of their class. Mr. Miller has, however, even on this 
ground, defeated his opponent. By comparing the defensive spines of 
the Onehas Murekisoni of the upper Ludlow bed, with those of a recent 
Spinax Acantkias, or dog-fish, and of the CestractQn PhUippi, or Port 
Jackson shark, he arrives at the conclusion that the fishes to which the 
species belonged must be all of considerable size; and in the following 
ciiapter on the high standing of the Plaeoidg, he shows that the same early 
fishes werepbigh in'intdligence and organization. Mr. Miller shows that we 
must determine points of precedence among animals by the development 
of brain, anVl' not bone, aqd he proves from the brain of the Silnrian 
placoids, thgir instincts and. their frame-work, that they were fishes of a 
high order.. 'With regard to the finning of the tail, which is embryotic in 
the saIn)on, JAr: .Miller shows that Uiis structure, when found in the ma- 
ture placoid, is a greater proof *of ft high stftnding than a low One; and 
after describing the placoid tail, ai&d-the placoid cranium and mouth, 
which are alleged to be embryotic, he comludes that embryotic peculiari- 
ties are not necessarily of a low order. 

In his ninth chapter on the Histiory and Progress of Degradation, oar 
aathor enters upon a hew and interesting subject. The object of it is to 
determine the proper .ground on which the standing of the earlier verte- 
brata should be ^decided, namely, the test of what he terms hbmological ^\ 

symmetry of organization. ' In nature there are monstbr families, just lis 
there am in CEunilies monster individuals— men without feet, hands^ or 
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tpM^ or with them in the wrong place — sheep with legs growing from 
their necks, ducklingii with wings on their haunches, and dogs and cats 
with more legs than they require. We have thus, according to our au- 
thor— 1, monstrosity through defect of parts; 2, monstrosity through redun- 
dancy of parts ; and, 3, monstrosity through misplacement of parts. This 
last species, united in some cases with the other two, our author finds 
curiously exemplified in the geological history of the fish, which he con- 
siders better known than that of any other division of the vertebrata; and 
he is convinced that it is from a.survey of the progress of degradation in 
the great Ichthyic division, that the standing of the kingly fishes of the 
earlier periods is to be determined. 

In the earliest vertebrate period, namely, the Silurian, our author shows 
that the fishes were homologically symmetrical in their organization, as 
exhibited in the Placoids. In the second great Ichthyic period, that of 
the Old Red Sandstone, he finds the first example ^ in the class of fishes of 
monstrosity by displacement of parts. In all the ganoids of the period there 
is the sam^ departure from symmetry as would take place in man if 
his neck was annihilated, and the arms stuck to the back of the head. 
In the Chceostfius and Pterichthys of the same period, he finds the first 
example of degradation through defect, the former resembling a human ' 
monster without hands, and the latter one without feet. After ages and 
centuries have passed away, and then after the termination of the Pa- 
leozoic period, a change takes place in the form of «the fish tail. ** Other 
ages and centuries pass away, during whicl!t*t^0 rejptilb class attains to its 
fullest development in point of size, oi'ganization.and number, and then 
after the times of the cretaceous' deposits have begun, we find yet another . 
remaj-kable monstrosity of displacement introduced among all the fishes 
of, one very numerons order, and among no inconsiderable proportipn' of 
the fishes of another. In the newly introduced . Ctenoid? {^anthopte- 
rygii), and in those families of the Pycloids, whicii Cuvifit erected into 
the order Malacopierygii sub-brachiati, ihQ hinder limbs are brought for- 
ward and stuck on to. the base of the previously misplaced fore-limbs. 
All the fore-limhs, by a stranjce monstrosity b|ndispl.aceqient, are crowded 
into the place ^f the extinguished neck. And. such,- in -the present day, 
is the prevalent type araoDg fishes Monstrosity through defect is also 
found to increase; 'so tiiat the».sna(ke-Iike^apo(2a, or feet- wanting feshes^ 
form a numerous order, some of whose genera are devoid, as in the com- 
n)on.eels and the congers, of.only the hinder limbs, while in others, as in 
the genera Murana and> Synbranchus,ho\h hinder and fore-limbs are 
wanting.*.* From these and other' factis, our author conpludes that as in 
existing fislies, we find many more proofs of tjie monstrosity, both from 
displacement aftd defect of parts, thap in all the other three classes of the 
vertebrata, and as ^ these monstrosities did not appear early but late, <' the 



HIS LIFE AND WBITIMG8. 81 , 

progress of the race as a whole, though it still retains not a few of the 
higher forms; has been a progress not of development from .(he low to 
the high, but of degradation from the high to the low." An extreme ex- 
ample of the degradation of distortion, superadded to tliat of displace- 
ment, may be seen in the flounder, plaice, halibut oe tnrbot — fishes of a 
family of which there is no trace in the earlier period. The creature is 
twisted half round and laid on its side. The tail, too, is horizontal. Half 
the features of its head are twisted to one side, and the other half to the 
other, while its wry mouth is in keeping with its squint eyes. One jaw 
is straight, and the other like a bow; and while the one contains from 
four to six teeth, the other contains from thirty to thirty-five. 

Aided by facts like these, an ingenious theorist might, as our author 
remarks, " get up as unexceptionable a theory of degradation as of de- 
velopment.*' But, however this may be, the principle of degradation 
actually exists, and ** the history of its progress in creation bears directly 
against the assumption that the earlier vertebrata were of a lower type 
than the vertebrata of the same Ichthyic class which exist now." 

In his next and tenth chapter, our author controverts with his usual 
power the argument in favor of the development hypothesis, drawn 
from the predominance of the Brachipods among the Silurian Molluscs. 
The existence of the highjy organized cephalopods, in the same forma- 
tion^ not only neutralizes this • argument, but authorizes the conclusion 
that an animal of a very liigh order of organization existed in, the earli- 
est formation. It is of no consequence whether the cephalopods, or the 
brachipods, were most numerous. Had there been only one cuttle-fish 
in the Silurian .seas, and a million of brachipods, the fact would equally 
have Overturned the development system. 

In the same chapter, Mh Millar treats of the geological history of the 
Fossil flora, which has been pressed into the service of the development 
hypothesis. On the authority of Adolph Brogniart, it was maintained 
that previous to the age of the Lias, ** Nature had failed to acfiieve a tree 
— and that the rich vegetation of the coal measures had been exclusively 
ooitfposed of magnificent immaturities of the vegetable kingdom, of gi- 
gantic ferns and club mosses, and «f thickets of the swamp-loving horse- 
tail family of plants." rfrue exogenous trees, however, do exist of vast 
size, and in great nu)nbers,iin ail the coal-fields of our own -Country, as 
has been proved by Mr. Miller. Nay, he himself discovered, in the Old 
Red Sandstone, 7it^nt/<», which is proved to hj|ye formed part of a' true 
gymnospermous tree, represented by the piiies of Europe and America* 
or more probable, as Mr. Mifler believes, by the Araucarians of Chili and 
.New Zealand. This important discovery is pregnant with instruction. 
The ancient conifer must have waved its green foliage over dry Iand,'and 
it is not probable that it was the only tree in the primeval forest " The 
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8]^p carpenter," as oar anther obaerres, « might hare hopaftiUy taken az 
in hand to explore the woods for some such stately pine as the one de- 
scribed by IVIiUon— 

Hewn on Norwegian hilla, to be the mast 
Of some great admiral." 

Viewing this olive leaf of the Old Red Sandstone as not at all deroid 
of poetry, our author invites us to a voyagtf from the latest formation np 
to the first zone of the Silurian formation, thus passing from ancient to 
still more ancient scenes of being, and finding, as at the commencement 
of our voyage, a graceful intermixture of land and water, continent, 
river and sea. 

But though the existence of a true placoid, a real verte^rated fish, in 
the Cambrian limestone of Bala, and of true wood at the base of the Old 
Red Sandstone, are utterly incompatible with the development hypothe- 
sis, its supporters, thus driven to the wall, may take shelter under the 
vague and unquestioned truth that the lower plants and animals preceded 
the higher, and that the order of creation was fish, reptiles, birds, mam- 
malia, quadrumana, and man* From this resource too, our author has 
cut off his opponents, and proceeds to show that such an order of crea- 
tion, ** at once wonderful and beautiful," doe? not afford even the slight- 
est presumption in favor of the hypotheses which it is adduced to sup- 
port. 

This argument is carried on in a popular and amusing dialogue in the 
eUtenih chapter. Mr. Miller shows in the clearest mannec that ** superpo- 
sition is not parental relation," or that an organiscnlying above another, 
gives us no grouiid for believing that the lower ^organism was the parent 
of the higher. The theorist, however, looks o,nl}r«t those .phages of truth 
which are in unison with his own vi^Ws, and when; truth presents no 
such favorable aspect, he finally wraps himself up in- the fol4s of igno- 
rance and ambiguity— the winding-sheet of error refuted and exposed. 
We have not yet penetrate4f s^ys he, in feeble^ accents, to- the fori^iations 
which represent, the dawn .of l)eiing, and the simplest organism ^piay yet 
bQ detected beneath the lowest fossiliferous rodks. This undoubtedly 
may he, and Sir Charles Lyell and Mr. Leonard fierner are ef opinion 
that such rocks may yet be discovered, while Sir Rodeflok Murchison > 
and Professor Sedgwick and Mr. Miller are of an opposite opinion. But 
even were such rocks discovered to-morrowj it would not follow that 
their organisms gave the leafet support to the development hypothesis. Ini 
the year 1837, when fishes were not discovered in the upper Silurian 
.Focks, tlie theorist would have rightfully predicted the existence of lower. 
fosQxliferoua beds^ but when they aredlscovvred, and their fossils exam- 
ined, they furnish &e strongest argument that could l)e deaiiyd against 



ms LIFB AND WBITIMOS. 89- 

the Uieory they were expected to sustain. This fact, no doubt, is so ftr 
in favor of the supporition that there maybe still lower fossil-tearioir 
strata, but as Mr. Miller observes, ** The pyramid of organized existence, 
as it ascends into the by-past eternity, inclines sensibly toward its apex-— 
that apex of * beginning ' on which, on far other than geological grounds, 
it is our privilege to believe. The broad base of the superstructure 
planted on the existing scene stretches across the entire scale of life, ani- 
mal and vegetable, but it contracts as it rises into the past-^man — ^the 
quadrumana— the quadrupedal man^the bird and the reptile are each in 
succession struck from off its breadth, until we at length see it with the 
vertebrata, represented by only the fish, narrowing as it were to a point; 
and though the clouds of the upper region may hide its apex, we infer 
from the declination of its sides, that it cannot penetrate much further 
into the profound." 

In our author's next chapter, the twe^ of the series, he proceeds to 
examine the " Lamarckian hypothesis of the origin of plants, and its 
consequences. More than a century ago, M. D. Maillet, in his " Tellia- 
med," (Demaillet written backward), maintained that all the produc- 
tions of the earth came from the sea. A wild theory ueVeTdies. How- 
ever great may have been our progress in knowledge, there is always 
some sciolist ignorant enough, and sufficiently fond of ndtoriety, to take 
it up and make it his o^n. The speculation of De Maillet has assumed 
the following form in the Fhy»o-Philosophy of Professor Oken, a work 
of a very exceptionable character, translated for the Ray Society in 1847! ^ 
*' All life,'* says he, " is from the sea. Where the sea organism, by self- 
elevation, succeeds in attaining unto form, there issues forth from it a 
higher organism. Love arose out of the sea-foam. The primary mucus 
(that in which electricity originates life) was and is still geneAted in 
tliose very parts of the sea where the water is in contact with earth and 
air, and thus upon the shores. The first creation of the organic took 
place where the first roou^tain summits projeqted out of the water — 
indeed, tDilhotU dQubt, in India, if the Himalayas be the highest mountain. 
The first organie fitrms, tohether plants or anim(ils, emerged from the shaUow 
^arts of the sea.** The geological ignorance exhibited in the virtual de- 
claration tliat the highest mountains mpst be the oldest, has been well 
pointed out by Mr. Miller, The researches of Eiie de Beaumont place 
it beyond a doubt that the Himalaya range was upheaved (carrying up 
with it upon its flank vast beds of the Oolite system) long after the up- 
heaval of our own Scottish mountains. The author of the *< Vestiges," 
as might have been expected, adopts the theory of the ** spread of ter- 
restrial vegetation from the sea into the lands adjacent," the land-plants 
having, in their first condition, existed as weeds of the sea. Professor 
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Edward Forbes, and other eminent botanists maintain the very difieren 
opinion that each species of plant was propagated throughont the area 
they are now found to occupy by means of a single seed introduced by 
currents or wafted through the air; and our author has adopted and de- 
fended this opinion with his usnai skill and sagacity, and by a variety of 
arguments. 

In his thirteenth cliapter^ on »< The Two Floras, marine and terrestrial," 
he has shown that all our experience is opposed to the opinion that the 
one has been transmuted into the other. If the marine had been con- 
verted into terrestrial vegetation, we ought to have, in the Lake of Sten- 
nls, for example, plan to of an intermediate character between the alge 
of the sea and the monocotyledons of the lake. But no such transition- 
plants are found. The algw, as our author observes, became dwarfish 
and ill-developed. They cease to exist as the water becomes fresher, 
« until at length, we find, instead of the brown, rootless, flowerless fu- 
coids and coufervcB of the ocean, the green, rooted, flowering flags, 
rushes, and aquatic grasses of the fresh water. Many thousands of 
years have failed to originate a single intermediate plant" The same 
conclusion may be drawn from the character of the vegetation along the 
extensive sliQres of Britain and Ireland. No botanist lias ever found a 
single plant in the transition state. Having thus appealed to experi- 
ence in support of his views, Mr. Miller devotes the rest of this interest- 
ing chapter to the discussion of the question. How far the Christian 
controversialist ought to avail himself of this kind of argument? Those 
who refuse to believe in a miracle, because it is against experience, ought 
still less to believe in a hypothesis which is contrary to experience. — 
Though against experience, the miracle is supported, by irresistible tes- 
timony; but the hypothesis is not only contrary to an invariable experi- 
ence, but in direct opposition to all testimony. A miracle is, in. its very 
nature, something that cannot be tested by experience; a hypothesis, on 
the contrary, is what can be tested only by experience. 
The fourteentJt chapter of the "Footprints" will be perused with great 
t '^\^y'-^ Interest by the general reader. It i6 a powerful aujd arfiun^^ntative ex- 
^- *' . ^osure of the develo^meAt Jxygpthesis, and of the manner in which the 
> ' subject has been treated in the "Vestiges." Whether Wte consider it in its 

nature, in its history, or in the character of the intellects with whom it 
originated, or by whom it has been received and supported, Mr. Miller has 
shown that it has nothing to recommend it. It existed as a wild dream 
^ before geology had any being as a science. It was broached more than a 
—A century ago by De Maillet, who knew nothing of the geology even of hia 
day. In- a translation of his Telliamed, published in 17^0, Mr. Miller 
finds very nearly the same account given of the origin of plants and anl- 
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male, as that in the « Vestiges," and in which the sea is described as that / 

** great and fruitful womb of nature, in which organization and life first . / 

begins.*' Lamarclc, though a slcillful botanist and conchologist, was un- *~"^ *^jil'.. 
acquainted with geology; and as he first published his development hy^o." 
thesis in J8fl6i (*^ hypothesis identical with that of the "VeBtiges"), it 
is probable that he was not then a very skillful zoologist. Nor has Pro- 
fessor Oken any higher claims to geological acquirements. He conTesses 
that he wrote the first edition of his work in 1810, in akind of inspiration! 
and it is not difficult to estimate the intelligence of the inspiring idol that 
announced to the German sage that the globe was a vast crystal, a little • 

flawed in the facets, and that quartz, feldspar, and mica, the three consti- 
tuents of granite, were the hail-drops of heavy showers of stone that fell 
into the original ocean, and accumulated into rock at the bottom! 

Such is the unscientific parentage of the theories promulgated in the 
«« Vestiges. " But the author of this work appeals in the first instance to 
science. Astronomy, geology, botany, and zoology, are called upon to 
give evidence in his favor; but the astronomer, geologist, botanist, and the 
zoologist, all refuse him their testimony, deny his premises: and reject his 
results. " It is not, " as Mr. Miller happily observes, the " illiberal reli- 
gionist that casts him off. It is the inductive philosopher." Science ad- 
dresses him in the language' of the possessed — "The astronomer I know, 
and the geologist I know; but wbp are ye 7 ** Thus left alone in a cloud 
of star-dust, or in brackish water between the marine and terrestrial flora, 
he *< appeals from science to the want of it," casts a stone at onr Scien- 
tific Institutions', and demands a jury of "ordinary readers," as the only 
*« tribunal" by which " the new philosophy is to be truly and righteously 
judged." . . , • Z 

TJge last uLnd fijieen& chapter of Mr. Miller's work, "On the Bearing of 
Final Causes on Geologic History," if read with care and thought, will 
prove at once delightful and instruotive. The principle oi final causes, or 
the conditions of existence, affords a wide scope to our reason in Natural 
History, but especially in Geology. It becomes an interesting inquiry, if * 

any reason can be assigned why at certain periods species began to exist, 
and became extinct after the lapse of lengthened periods of time, and why 
the higher classes of being succeeded the lower in the order of creation? 
The incompleteness of geological science does not permit us to remove 
the vail which hangs over this mysterious chronolQgy; but our au- 
thor is of opinion tliat in. about a quarter of a century, in a favored locali- 
ty like the British Islands, geological history " will assume a very extra- 
ordinary form. " • ^ 

It is a singular fact, which will yet lead to si^ular results, that Cuvier's 
arrangement of the four classes of vertebrate animals should exhibit the 
same order as that in which they are found in the strata of the earth. In 
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the/#& the wtnge proportion of the brain to the spinal cord ii only mS 
to 1; In the npWe the ratio is 2>^ to 1. In the bird it is as 3 to 1 . In 
the mammaUa it is as 4 to 1; and in man it is as 23 to 1.* No less re- 
markable is the foetal progress of the human brain. It first becomes a 
brain resembling that of a fish; then it grows into the form of that of a rep- 
tile; thpn into that of a bird; then into that of a mammiferous quadruped, 
and finally it assumes the form of a human brain, *<thuB comprifung in Its 
festal progress an epitome of geological history, as if man were in himself 
a compendium of all animated nature, and of kin to every creature that 
lives." 

The large brain of man would have been, as Mr. Mpler 8tate9,*quite eat 
of place in the earlier ages of creation. He could not have lived amid 
the storms and earthquakes, and eruptions of a world in the act of forma- 
tion. His timid nature would have quailed under the multifarious con- 
vulsions around him. The thunder of a boiling and tempest-driven ocean 
would have roused him from his couch, as its waters rushed upon him at 
midnight; torrents of lava or of mud would have chased him from his 
hearth; and if he escaped the pestilence of animal and vegetable death, th« 
vapor of the subterranean alembics would have sufifbcated him in the 
open air. The house of the child of civilization wasjiiot ready for his 
reception. The stones that were to build and roof it had not quitted their 
native beds. The coal that was to light ad'd heat ft wa^either green in the 
forest, or blackenilig iii the storehouse of the deep. The iron that was to 
defend him from external violence lay buried in the ground; andthe rich 
materials of civilization, even if they were ready, had not Wn cast'within 
his reach, from the hollow of the Creator'^ hand. But if man could have 
existed amid catastrophes so tremendous and privations so severe, his pre- 
mnce was not required, for his intellectual powers could have had no suit- 
^ able employment. Creation was the field on which his industry was to be 
exercised and his genius unfolded; and that divine reason which was to 
analyze and combine, would have.suuk into sloth before the elements of 
nkitter were let loose from their prison-house, and nature had cast them 
in her mold. But though there was no specific time in this vast chrono- 
logy which we could fix as appropriate for the appearance of man, yet 
we now perceive that he entered with dignity at its close. When the spa 
was gathered into one place, and the dry land appeared, a secure footing^ 
was provided for our race. When the waters above the firmament were 
separated from the waters below it, and when the light which 'ruled the 
day and the light which ruled the night were displayed in the azure sky» 
man could look upward inUMhe Infinite of space, as he looked downward 
into the infinite in time. When the living creature after liis kind appear- 
ed in the fields, and the seed^bearing herb covered the oarth, human ge- 
nans was enabled to estimate the power, and wisdom, and bgunty of it» 
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Avtlior; — and human labor received and accepted ittf commission, when it 
was declared from on high that Med-time and harvest should never cease 
upon the earth. 

We are gratified to learn that Dr. Buckland, with his usual sagacity 
and liberality, has paid Mr. Miller the high and well-deserved compliment 
of making this work one of the text-books for his geological lectures at 
Oxford; and we have no doubt that its merits will be appreciated In that 
distinguished seat of literature and philosophy. In its purely geological 
character the " Footprints'* is not surpassed by any modern work of the 
same class. Mr. Miller's original and successful inquiries respecting the 
cerebral development of the«vertebrata, the structure of the asterolepis 
and the placoids, ase models of profound and patient research, while the 
novelty and beauty of his views on the progress of degradation in the 
animal world, and his analysis of the celebrated theory of cranial verte- 
bre, cannot fail to place him in the very highest rank of philosophical 
naturalists. But it is in the discussion of questions which are, or may 
, be, connected with geology that the general and philosophical reader will 
best recognize his mental grasp and intellectual stores. From beneath 
the crust of the earth, geology, in his hands, rises above it. From the 
darkness and death of its subterranean chambers, it ushers him into a 
temple effulgent with light, and ipstinct with life. From the past it stretches 
far into the future, uniting faith and knowledge, and gilding the sunset of 
things that are, with the auroral. splendor of things that are to be. 
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STROMNESS AND ITS ASTEROLEPIS. 

THE LAKE OP STENNIS. 




" HEN engaged in prosecnting the self-impos- 
> ed task of examining in detail tbe various 
\ fossiliferons deposits of Scotland, I extend- 
^ ed my exploratory ramble, about two years 
\ ago, into tbe Mainland of Orkney, and re- 
sided for some time in tbe vicinity of 
Stromness. Tbis busy seaport town^ forms tbat special cen- 
ter, in tbis nortbem arcbipelago, from wbicb tbe structure 
of tbe entire group can be most advantageously studied.—- 
Tbe geology of tbe Orkneys, like tbat of Caithness, oves its 
chief interest to tbe immense development which it exhibits of 
one formation, — ^the Lower Old ]^ed Sandstone, — and to the 
extraordinary abundance of its- vertebrate remains. It is not 
too much to afiEicm, tbat in tbe comparatively small portion 
wbicb this cluster of islands contains of tbe ihvrd part of a 
system regarded' only a few years ago as tb^ lefist fossiliferons 
in the geologic scale, there are more fossil fish inclosed than in 
eoery other geologic system in England, Scotland and Wales, 
from the Coal Measures to tbe Chalk inclusive. Orkney is 
emphatically to tbe geologist what a juvenile Shetland poetesd 
designates her country, in challenging for it a standing inde- 
pendent of the " Land of Cakes,"— a "Land of Fish;" and,, 
were the trade once fairiy opened up, could supply with ich- 
thyoUtes, by the ton and the shipload; the museums of the 
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world. Its yarioQB deposits, with all their strange oiganismSy 
haye been uptilted from the bottom against a granitic axis, 
rather more than six miles in length by about a mile in breadth, 
which forms the great back-bone of the western district of 
Pomona; and on this granitic axis, — ^fast jammed in between 
a steep hill and the sea, — stands the town of Stromness. Sit- 
uated thus at the bottom of the upturned deposits of the island, 
it occupies exactly such a point of observation as that 
which the curious eastern traveler would select, in front of 
some huge pyramid, or hieroglyphic-covered obelisk, as a proper 
site for his tent. It .presents, beside, not a few facilities for 
studying, with the geologic phenomena, various interesting 
points in physical science of a cognate character. Resting on 
this granitic base, in front of the strangely- sculptured pyramid 
of three broad tiers, red, — black, and gray, — ^which the Old Red 
Sandstone of these islands may be regarded as forming, it b 
but a short half mile from the Great Conglomerate base of the 
formation, and scarcely a quarter of a mile more from the older, 
beds of ita cebtral flagstone deposit; while an hour's sail on 
the one hand opens to the explorer the overlying arenaceous de* 
posit of Hoy, and an hour's walk on the other introduces him 
to th^ Loch of Stennis, witb its curiously mixed flora and fauna. 
But o( the Loch of Stennis and its productions uMre anon. 

The day was far spent when I reached Stroihness ; but as I 
had a fine bright evening still before me, longer by some three 
or four degrees of north latitude than the midsummer evenings 
of the south ef Scotland, I set out, hanuner in hand, to examine 
the junction of the granite and the Great Conglomerate, where 
it has been laid bare by the sea along the low promontory 
which forms the western boundary of the harbor. The granite 
here is a ternary of the usual components, somewhat interme- 
diate in grain and color between the granites of Peterhead and 
Aberdeen ; and the conglomerate consists of materials almost 
exclusively derived from it, — evidence enough of itself, that 
when this ancient mechanical deposit wM in course of forming, 
the granite, — Exactly suoh a compound then as it is now, — was 
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one of the SQr&ce rocks of the locality, and much exposed to 
disintegrating influences. This conglomerate base of the Lower 
Old Red Sandstone of Scotland, — which presents, oyer an area 
of many thousand square miles, such an identity of character, 
that specimens taken from the neighborhood of Lerwick, in 
Shetland, or of Gamrie, in Ban£f, can scarce be distinguished 
from specimens detached from the hills which rise oyer the 
Great Caledonian Valley, or from the cliffs immediately in 
front of the yillage of Contin, — seems to haye been formed in 
& yast oceanic basin of primary rock, — a Palaeozoic Hudson's 
or Baffin's Bay, — partially surrounded, mayhap, by primary 
continents, swept by numerous streams, rapid and headlong, 
and charged with the broken debris of the inhospitable re- 
gions which they drained. The graptolite-bearing grauwacke 
of Banffshire seems to haye been the only fossiliferous rock 
that occurred throughout the entire extent of this ancient 
nor^em basin; and its few organisms now serye to open. the 
sole yista through which the geological explorer 'to the north 
of the Grampians can catch a glimpse of an earlier period of 
existence than that represented by the ichthyolites o^ .the 
Lower. Old Bed Sandstone. 

Very many ages must haye passed ere, amid wayes and cm> 
rents, the water-worn debris which now forms the Great Con- 
glomerate could haye accumulated oyer tracts of sea-bottom 
from ten to fifteen thousand square miles in area, to its present 
depth of from one to four hundred feet. At length, howeyer, 
a thorough change took place ; but we can only doubtfully 
speculate regarding its nature or cause. The bottom of the 
Palaeozoic basin became greatly less expesed. Some protect- 
ing circle of coast had been thrown up around it ; or, what is 
perhaps more jn'obable, it had sunk to a profounder deptl^ and 
the ancient shores and streams had receded, through the de- 
pression, to much greater distances. And in consequence, the 
deposition of rough sand and polled pebbles was followed by a 
deposition of mud. Myriads of fish, of forms the most an- 
cient and obsolete, congregated on its banks or sheUeredin its 
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hoUows; generation succeeded generation, millions and tens of 
millions perished mysterionsly by sadden death; shoals after 
shoals were annihilated ; but the productive powers of nature 
were strong, and the waste was kept up. But who among men 
shall reckon the years or centuries during which these races ex- 
isted, and this muddy ocean of the remote past spread out to 
unknown and nameless shores around them ? As in those 
great cities of the desert that lie uninhabited and waste, we 
can but conjecture their term of existence from the vast ex- 
tent of their cemeteries. We only know that the dark, finely- 
grained schists in which they so abundantly occur must have 
been of comparatively slow formation, and that yet the thick- 
ness of the deposit more than equals the hight of our loftiest 
Scottish mountains. It would seem as if a period equal to 
that in which all human history is comprised might be cut 
out of a comer of the period represented by the Lower Old 
Red Sandstone, and be scarce missed when away: nay, for 
every year dilring which man has lived upon earth, it is not 
improbable that the Pterickikys and its cotemporaries may have 
lived.a century. Their last hour, however, at length came. — 
Over the dark-colored ichthyolitic schists so immensely 4evel^ 
oped in Caithness and Orkney, there occurs a pale-tinted, un- 
fossiliferous sandstone, which in the inland of Hoy rises into 
hills of from fourteen to sixteen hundred feet in hight ; and 
among the organisms of those newer formations of the Old 
Bed which overlie this deposit, not a species of ichthyolite iden- 
tical with the species entombed in the lower schists has yet 
been detected. In the blank interval which the arenaceous 
deposit represents, tribes and fatjuilies perished iiiji^*'disappear-\. 
ed, leaving none of their race to succeed them,' that other 
tribes and families might be called into being, and fall into 
their vacant places in the onward march of creation. 

Suoh^ so far as the various hieroglyphics of the -pile have 
yet rendelred their meanings to th^^ologist, is the strange 
story recorded oA the three-barred pt^amid of Stromness. I 
traced'the formation upward this evening along the edges of 
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the nptorned strata, from where the Great Conglomerate leans 
against the granite, until where it merges into the ichthyolitib- 
flagstones ; and then pursned these from older and lower to 
newer and higher layers, desirous of ascertaining at what dis- 
tance over the base of the system its more ancient organisms 
first appear, and what their character and kind. And, imbed^ 
ed in a grayish-colored layer of hard flag, somewhat less than 
a hundred yards over the granite, and about a hundred and 
sixty feet over the upper stratum of the conglomerate, I found 
what I sought, — a well-marked bone, — in all probability the 
oldest vertebrate remain yet discovered in Orkney. What, 
asks the reader, was the character of this ancient organism of 
the Palaeozoic basin ? 

As shown by its cancellated texture, palpable to the naked 
eye, and still more unequivocally by the irregular complexity 
of fabric which it exhibits under the microscope, — by its 
speck-like life-points or canaliculi, that remind one of air bub- 
bles in ice, — ^its branching channels, like minute veins, through 
which the blood must once have flown, — and its general ground- 
work of irregular lines of corpuscular fiber, that wind through 
the whole like currents in a river studded with islands, — it was 
as truly osseous in its composition as the solid bones of any 
of the reptiles of the Secondary, or the quadrupeds of the 
Tertiary periods. And in form it closely resembled a large 
roofing-nail. With this bone our more practiced palaeontolo- 
gists are but little acquainted, for no remains of the animal 
to which it belonged have yet been discovered in Britain to . 

the south of the Grampians;'*' nor, except in the Old Bed Sand- 

• 

* Sinoe the above sentence wad. written and set in type, I have learned 
that my ingenions frieHa Mr. Charles Peach of the Castoms, Fowey, so 
well kndwn for his palseontological discoveries, has just found in the 
Devonian system of Cornwall,^ fragments of what seem to be ^crmal 
plates of Atterolepis. It is a somewhat curious circumstance, that the 
two farthest removed extremities of Gr^t Britain, — Cornwall and Caith- 
ness, — should be tipped by fossiliferous deposits of! the same ancient sys- 
tem, and that organisms which, wh^n they lived, were contemporary. 
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stone of Russia, has it been detected anjwbere on the Conti- 
nent. Nor am I aware that, save in the accompanying wood- 
cut (fig. 1), it has ever been figured. The amateur geo- 
logists of Caithness and Orkney have, however, learned to 
recognize it as the ** petrified nail." The length of the entire 
specimen in this instance was five seven-eighth inches, the 
transverse breadth of the head two inches and a quarter, and 
the thickness of the stem nearly three-tenth parts of an inch. 
This nail-like bone formed a characteristic portion of the Aster- 
depiSy — so far as is yet known, the most gigantic ganoid of 
the Old Red Sandstone, and, judging from the place of this 
fragment, apparently one of the first. 

Fig. 1. 




INTBRNAL RIDGB OF HYOID PLATE OF ASTEROLEPIfl.* 

(One-third the natural size, linear.) 

There were various considerations which . led me to regard 
the ^'petrified nail '! in this case as one of •the most interest- 
ing fossils I had ever seen ; and, before quitting Orl^iey, to 



should be found imbedded in the rocl^s which rise over the BHtish Chan* 
nel on the one extremity, and overjiang the Pentland Frith on the other. 
* Figured from a Thurso specimen, slightly different in its propor- 
tions from the Stromness specimen described. 
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pnnme my explorations farther to^be sontb, I brought two in- 
telligent geologists of the district,'*' to mark its place and 
character, that they might be able to point it out to geologi- 
cal visitors in the future, or, if they preferred removing it to 
their town musuem, to indicate to them the stratum in which 
it had Iain. It showed me, among other things, how unsafe it 
is for the geologist to base positive conclusions on merely neg- 
ative data. Founding on the fact that, of many hundred ich- 
thyolites of the Lower Old Bed Sandstone which I had disin- 
terred and examined, all were of comparatively small size, 
while in the Upper Old Bed many of the ichthyoUtes are of 
great mass and bulk, I had inferred that vertebrate life had 
been restricted to the minuter forms at the commencement 
than at the dose of the system. It had begun, I had ventur- 
ed to state in the earlier editions of a little work on the "Old 
Red Sandstone," with an age of dwarfs, and had ended with 
an age of giants. And now, here, at the very base of the 
system, unaccompanied by aught to establish the contempo-' 
rary existence of its dwaxfs, — which appear, however, in an 
overlying bed abo«t a hundred feet higher up, — was there un- 
equivocal proof of the existence of one of the most colossal 
of its giants. J^ut not uufrequently, in the*geologic field, has 
th^ practice of haiAng positive conclusiona on merely negative 
grounds led to a mis-reading of the record. From evidence 
of a liind exactly similar to t)iat on which. I hadi buih, it 
was inferred, some two or three yeiurs ago,.that there bad lived 
no reptiles during the period of the Coal Measures, And -no 
* fish in the times of the Lower SUurian System. 

I extended my »esea(ches, a few dafs after, it an easterly 
direction firom tha to\^ of Stijpomness, and Wal^^d for several 
miles along the shores of the Lpch of Stennis, — a large lake 
about fourteen miles in circumference, bare and ti^eeless, liko 
all the otlf^r kl^ds and loohs of .Orkney, but picti^roaq^ S>i 
outline, and divided into an upper and lower sheet of water, bj 

* Dr. George Garaon, StromnesB, and Mr. William Watt, jan.,SiaiU.. 
5 • 
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two low, 4oDg promontories, that jut out from opposite sides, 
and so nearly meet in the middle as to be connected by a 
tbread-likc line of road, half-mound, half-bridge. *' The Looh 
of S tennis," says Mr. David Vedder, the sailor-poet of Ork- 
ney, "is a beautiful Mediterranean in miniature." It gives 
admission to the sea by a narrow strait, crossed, like that 
which separates the two promontories in the middle, by a long 
rustic bridge ; and, in consequence of this peculiarity, the lower 
division of the lake is salt in its nether reaches and brackish 
in its upper ones, while the higher division is merely brackish 
in its nether reaches, and fresh enough in its upper ones to be 
potable. Viewed from the east, in one of the long, dear, sun- 
shiny evenings of the Orkney summer, it seems not unworthy 
the eulogium of Vedder. There are moory hills and a few 
rude cottages in front ; and in the background, some eight or 
ten miles away, the bold, steep mountain masses of Hoy ; 
whUe on the promontories of the lake, in the middle distance, 
conspicuous in the l&ndscape, from the relief furnished by the 
blue ground of the surrounding waters, stand the tall, gray ob- 
elisks of Stennis, — one group on the northern promontory, the 
other on the south, 

" Old eT«n beyond trttdition's breath." 
'The shores of both the upper and lower divisions of the lake 
were strewed, at the time I passed, by a line of vnuek, o<5^sist* 
ing, for th^ first few miles from* where the lower loch opei^ to 
th^ sea, of only marine plants, then of marine plants mixed 
with those of fresh- water growth, and them, in -the upper sheet 
Qf water, of lacustrine plants exclusively. And the fauna of 
the loch is, I w*as informed, of as mi:^ed a character asT its flora, 
— the marine and fr^h- water animals having each their, own 
reaches, with certain debatable tracts between, in whieh each 
kind expatiates with more or less freedom,* accorditag to its 
specific natuife and constitution, — some of the s^a-fi£|h advan- 
cing fJEiv on the fresh water, and others, among the proper den- 
izens of the lak^, encroaching far on the salt. The common 
frbsh-Water eet strikes out, I was told, farthest into the sea- 
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water; in which, indeed, reversing the habits of the saknon, 
it is known in various places to deposit its spawn. It seeks, too, 
inpatient of a low temperature, to escape from the cold of 
winter, by taking refuge in water brackish enough, in a climate 
such as ours, to resist th^ influence of frost. Of the marine 
fish, on the other hand, I found that the flounder got greatly 
higher than, any of the others, inhabiting reaches of the lake 
almost entirely fresh. I have had an opportunity elsewhere 
of observing a curious change which fresh water induces in this 
fish. In the ^brackish water of an estuary, the animal be- 
comes, without diminishing in general size, thicker and more 
fleshy than when in its legitimate habitat the sea: but the 
flesh loses in quality what it gains in quantity; — it grows 
flabby and insipid, and the margin-fins {i. e. dorsal and anal), 
lack always their strip of transparent fat. But the chaiige 
induced ip the two floras of the lake, — marine and lacustripe, 
— ^is considerably more palpable and obvious than that in- 
duced in its two fa]inas. As I.passcd along the strait through 
which it gives admission to tho sea, J l«und the commoner fu- 
coids of our sea-coasts streaming in great luxuriance in the 
tide-wj^y, from the stones and rock;s of the bottom. I mark- 
ed, among the others, the two species* of kelp-w«ed? so well 
known to our Scotch kelp-^burners, Mccus nodoms and Fucus 
vmculosus, — ^flourishing iji their uncurtailed proportions; and 
I he not inelegant Halidrys sUiquosa, or *'tree in thjB sea," pie- 
senting its' amplest spread of pod andirond. A little farther 
in, ffalidrys and Fucus no<fo«2^ disappear, BJidFticus vesiciUo^iLS 
becomes greatly stunted, and no knger exhibits, its character- . 
istic .double^ rows of bladders. But for mile after mile it con- 
tinues to exist, blent with some of the hardier OQnfervse, until 
at length it becomes as dwarfish and nearly a& slim of frond 
as the confervse. themselves ; and it is only by tracing it through 
the intermediate forms that we succeed in convincing ourselves 
that', in "the brown stunted tufts from one to three inched iu 
length, which continue to fringe the middle refltshea of t]^e iake, 
we have in reality the well-known Fucus before us. Rushes^ 



4^ TSX LAKB OF 8TINVIA . 

* • 

flags, and aquatit grasses may now be seen standing in dimin- 
utive tufts out of tbe water ; and a terrestrial vegetation at 
Jeast continues to exist, though it can scarce^ be said to thrke, 
on banks covered by the tide at full. The lacustrine flora in- 
creases, botb in extent and luxurianae, as that of the sea di- 
minishes ; and in the upper reaches we fail to detect all trace 
of marine plants : the algaa, so luxuriant of growlh along the 
straits of this '' miniature Mediterranean,'^ altogether cease ; 
and a semi- aquatic vegetation attains, in turn, to the state of 
fullest development anywhere permitted by the temperature of ' 
this northern locality. A memoir descriptive of the Loch of 
Stennis, and its productions, animal and vegetable, such as old* 
Gilbert White of Selborne could have produced, would be at 
once a very valuable and curious document, important to tbe 
naturalist, and not without its use to the geological studqntt 

i know not how it ipay be with others ; but the sp^ial pfa«-. 
nomena connected with Orkney that most decidedly bore fruit 
in my mind, and td which my thoughts ha^e most frequently 
reverted, were those exhibited In the neighborhood of Strom- 
ness. I would more particularly refer to the characteristic 
fragment of Asierolepii which I detected in its lower flagstoneSi 
and to the tcuriously-mixed, semi-marine, semi-lacustrine vege- 
tation of the- Loch of Stennis;. tBoth seem to bear very di- 
rectly on that development hypothesis,-^ftist spreading among 
an active and ingenious order t)f ndntls, both iix Britain and 
America, and which* has been long)kno^m on the Continent, — 
that would fain transfer the work of creation from the depart- 
' ment of miracle to the province ^of natural Jaw, and* would 
strike down, in the process of removal, *all the ^Id landmarks, 
etl)ical and religious. * 
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THE DEVELOPMENT HYPOTHESIS, AND ITS CONSEQUENCES. 



EvuBr individual, whatever its species or order, begins and 
increases until jt attains to its« state of fullest development, 
under certain fixed laws, and in coru/bfuenee of their operation, 
The microscopic monad developes iato a foetus^ the foetus into a 
child, the child into a man; and, however marvelous the pro-^ 
Q^ss, in none of its stages is there the slightest mixture of 
jnimde; — from bieginning to end, all is progressive develop* 
mei^t, according to a determinate order of things. Has NoivTe^ 
during the vast geologic periods, been pregnant, in ISke man- 
ner, with the human race ? and is the speciod, like the indi- 
vidual, an effect of progressive dovelepment, induced and 
regulated by law^ The asserters of the revived hypothesis 
of Maillet and Lamarck, reply in the* affirmative. Nor, be it 
^ remarked, is there positive .atheisi^^ involved jin the belief. 
Gpd might as certainly have originated the species by a law of 
development, as he mainkdns it by a law of development;-^ 
the existence of a First Grea^ Cause is . as perfectly com- 
patible with the one schema as wit}i the other:- and it may be 
necessary thus broadly to state the fact, not only in justice to 
the Lan^arckians, but alfiip fairly to warn their nourgeological 
opponents, that in this contest the old an ti -atheistic, argu- 
ments, whether founded on the evidence of% design Or on*the 
pireliminary doctrine of final causes, cannot be brought to beas, 

There are, however, beliefs, in no degree less important. to 
the. moralist or the Christian than even that in the being of a 
God, which seem wholly JQ cprnpatUJo jyith jHK&^development 
hypothesis.^ I( during a period 86 vast as to He soaroe ek* 
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pressible by figures, the ereatures now humaa have been rising, 
by aimott infinitesimals, from compound microscopic cells, — 
minute vital globules within globdes, begot by electricity on 
dead gelatinous matter, — until they have at length become 
the men and women whom we see around us, we must hold 
either the monstrous belief, that all the vitalities, whether 
those of monads or of mites, of fishes or ef reptiles, of birds 
or of beasts, are individually and inherently immortal ai^ 
usdying, or that human souls are not so. The difference be- 
tween the dying and the undying, — ^between the spirit of the 
brute that goeth downward,- and the spirit of the man that 
goeth upward, — is no**a difference infinitesimally, or even^ 
atomically smaU, It possesses all the breadth of the eternity 
to come, and is an infinitely great difference. It cannot, if I 
may so express myself, be shaded off by infinitesimals er 
atoms; for it is a difference which — as there can be no class 
of beings, intermediate in their nature between the dying and 
the undying — admits not of gradation at all. What mind, 
regulated by the ordinary principles df human belief, can pos* 
•sibly hold that every* oAe of the thousand vital points which 
swim in a drop of «tagnant water, are inherently fitted to 
maintain their individuality throughout eternity? Or how 
can it be rationally held ijiat a iQere progressive step, hi itself - 
no greater or more important than that effected by the addition 
of a single brick to a house in the building state, or of a single 
atom to a body in the growing ^tate, coi^ld ever have produced 
immortality ? And yet, if ^he «jnn^ of a monad,' or of a mol- 
lusc, be not immortal, then must there either have' been a point 
in the history of "the species at ^^ch a dying brute .-^ differing 
from its offspring merely by an inferiority of development, re- 
presented by a fbw atoms, mayhap by a Single atom — produced 
an undying man, or man in his present state must be a mere 
animal, possessed of no immortal soul, and as irresponsible for 
his actions to the God before whose bar he is, in consequence, 
nevM to appear, as his presumed relatives and progenitors the 
beasts that perish. Nor will it do to attempt escaping from 
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the difficnltj, by alleging that God, at some certain link in the 
chain, miffht have converted a mortal creature into an immor* 
tal existence, bj breathing into it a " living sonl ;'' seeing that 
a rennnciation of any such direct interference on the part of 
Deity in the work of creation forms the prominent and charac- 
teristic feature of the scheme, — nay, that it constitutes the 
very nucleus round which the scheme has originated. And 
thus, though the development theory be not* atheistic, it is at 
least practically tantamount to atheism. For, if man be a 
dying creature, restricted in his existence to the present scene 
of things, what does it really matter to him, for any one moral 
purpose, whether there be a God or no ? If, in reality, on the 
Slime religious level with the dog, wolf, and fox^ that are by 
nature atheists^ — a nature most properly coupled with irrespon- 
sibility, — to what one practical purpose should he know or 
believe in a God whom, he, as certainly as they, is never to meet 
as his Judge V or why should* he square his conduce by the re- 
quireftients of the moral code, farther than a low ;ind conve- 
nient expediency may chance to demand ? * 

Nor does the pureJbt OJiristiaii objaction to the development 
hypothesis seem less, but even more insuperable than that de- 

f T\\e Continental assertora of the development hypothesis are greatty. 
more* frao]( thafi those of our. ow^i country regarding the "life, after 
death," 'and what man has to expect from it. The individual, they-tell 
us, perishes forever; -but, then, out of his reitiuii^ there spring up other 
vitalities. The Immortality of tiie soul Is, It wdTiifl seeiA, an idle fig« 
ihent, fhr -there really exist ifo sudi things.as souls; but is there no coip- 
fort ini>eing taught, instead, that we are to' resolve into jnpuads and mag- 
gots? Job solaced himself witli the astsurance, that, eve^ after words 
had destroyed his body>^ie was in the flesh to see God. IJad Professor 
OkoTi been one of his comforters, he would have sought to restrict his 
licmes to die prospect of living iu the worms. ***If *the organic funda- 
mental substance consist of infusoria," says the Professor, " so must \ 
the whole organic world originate from infusoria. Plants and animals 
can only be metamorphoses of infusoria. This being granted, so-dso 
must all organizations consisi of infusoria, and, -during* their destruction, 
dissolve into the same. Every plenty every animal, is* convert^, by mace* 
ration into a mucous mass; this pntre6es, and. the moietuieitf stocked 
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rived from the proyinoe of natural theology. The belief which 
is, perhapd, of all others, most fondamentallj esseo&ial to the 
revealed scheme of salvation, is the belief that <' God created 
man upright,'' and that man, instead of proceeding onward and 
upward from this high and fair beginning, to a yet higher and 
fairer standing in the scale of creation, sank, and became mo- 
rally lost and degraded. And hence the necessity for that 
.second dispensation of recovery and restoration which -forms 
the entire burden of God's revealed message to man. If, 
according to the development theory, the progress of the " first 
Adam" was an upward progress, the existence of the *' second 
Adam," — that "happier man," according to Milton, whose 
special work it is to " restore" and " regain the blissful seat" of 
the lapsed race, — is simply a meaningless anomaly. Christi- 
anity, if the development theory be true, is exactly what some 
of the mor^ extreme Moderate divines of the last age used to 
make it, — ^ an idle and unsightly excrescence on a co.de of 
morals tha^ would be perfect wese it away. 

I may be in error in takmg this serious view of the matter; 
and, if so, would feel grateful tp the man who could point out 
to me that special link in the chain of inference at which, with 
respect to the bearing of the theory on the two theologies-^ 
natural and revealed — ^the mistake has takeft place.- "But 
if I be in error. at all, it 4s an error into which I. find not a few 
of the first men of* the "age — ^represented, as a class, by our 
Piwfessor Sbdgwlcks and Sir David Brewsters — have a|^o 
fallen ; and until it be shown to *be an efror, arid that €he de- 
velopment theory is in no degree incompatible with a. belief in 

the immortality of the soul, — in the responsibilrty of man to 

' . _ • 

with infusoMa. Piftrefaction is nothing else than a division of organs 
isms into infusoria,-^-a redaction of the higher to the primary life. ^ * * 
* Deatli is no annihilation, bnt ohly a chapge. 6ne individual emerges 
out *of another. Death is. only a transition to another life, — ^not into 
death. This transition from qne life to another takes place through the 
primary condition' o£ the organic, or the macue." (PhysuhPhUosopky, 
pp. 187-180.) • . 



AND IT8 OONSlQUJBVaiS. fit 

Ood as the final Judge, — or in the Christian scheme of salTft- 
tion, — ^it is every honest' man's duty to protest against any ex 
pcaie statement of the question, that would represent it as 
ethically an indifferent one, or as unimportanji in its theologic 
bearing, save to "little religious sects and scientific coteries." 
In an address on the fossil flora, made in September last, by a 
gentleman of Edinburgh, to the St. Andrew's Horticultural 
Society, there occurs the following passage on this subject : — 
" Life is governed by external conditions, and new conditions 
imply new races; but then, as to their creation, that is the 
* mystery of mysteri&tJ Are they created by an immediate fiat 
and direct act of the Almighty ? or has He originally impress- 
ed life with an elasticity and adaptability, so that it shall take 
upon itself new forms and characters, according to the condi- 
tions to which it shall be subjected ? Each opinion has had, 
and still has, its advocates and opponents ; but the truth is, 
that science, so far as it knows, or rather, so far as it has had 
the honesty and courage to avow, has yet been unable to {Pro- 
nounce a satisfactory decision. ^Either toay, it maUers little, 
physiccdly or morally ;' either mode implies the same omnipo- 
tence, and wisdom, and foresight, and protection; and it is 
only yorur little '^religious sects and scientific coterfes which 
make ^ pother about the matter,-^sects and coteries of wbich it 
.may be justly 'said, that they would almost exclude Ood from 
the mauagement of his own world, if not managed and directed 
in the way that they would have it." Now, this- is purely a 
mdst unfair repr^entation of th^ consequences, ethical and 

. f eligiousy involved in the development hy()othesis. It is not its 
compatibility with belief in the existence of a First Great 
Cai^se that has to be estscblished, in order to prove it harmless ; 
but its compatibjiity with certain other all-important beliefs, 
without" which simple Theism is of no moral value whatever, — 

' a belief in- the immortality 'iM|d responsibility of man, and in 
the scheme of salvation by 'a* Mediator and Eedeemer. Disso- 
ciated from these beliefs; a belief in the ezistenoe of a God is 
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of as little etlncal value as a belief in the existence of the 
great sea-serpent. 

Let us see whether wo cannot determine what the testimony 
of Geology on this question of creation by development really 
is. It is always perilous to under-estimate the strength of an 
enemy ; and the danger from the development hypothesis to aa 
ingenious order of minds, smitten with the novel fascinations 
of physical science, has been under- estimated very considera- 
bly indeed. Save by a few studious men, who, to the cultiva- 
tion of Geology and the cognate branches, add some acquaint- 
ance with metaphysical science, the general correspondence of 
the line of assault taken up by this new school of infidelity, 
with that occupied by the old, and the consequent ability of 
the assailants to bring, not only the recently forged, but also 
the previously employed artillery into full play along its front, 
has not only not been marked, but even not so much as sus- 
pected. And yet, in-order to show that there actually is such 
a correspondence, it can be but necessary to state, that the great 
antagonist points, in the ^oray of the opposite lines, are simply 
tjie law of development versus the miracle of creation. The 
evangelistic Churches cannot, in consistency with their charac- 
ter, or with a due regard to the interests of their people, slight 
or overlook a form of error at once exceedingly plarusible and 
consummately dangerous, and which is telling so widely 'ou 
society, that one can scarce travel by railway ot in i^ steam- 
boat, or • encounter a group of intelligent meehanics, without 
finding decided trace of its ^ravages. • • ' ' 

But ere theCkurches can be prepared competently to defi 
with it, or with the other objections of a similar class wMoh 
the infidelity of an age so largely engaged as the preseijt in, 
physical pursuits, will be from time to time oiigihating,. they 
must greatly expend their educational walks into the field of. 
physical science. The mighty ^xihange which has taken place 
during the present century in the direction, in which the minds 
of the first order are operating, though indicated on the face 
of the cojintry in characters which cannot be mistaken, seems 
to have too mueh escaped the notice of our theologians. Speca- 
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lative tbeology and the metaphysics are oognate branches of 
the same science ; and when, as in the last and the preceding 
ages, the higher philosophy of the world was metaphysical, the 
Churches took ready cognizance of the fact, and, in dne ac- 
cordance with the requirements of the. time, the battle of the 
Evidences was fought on metaphysical ground. But, judging 
from the preparations made in their colleges and. halls, they do 
not now seem sufficiently aware, — though the low thunder of 
every railway, and the snort of every steam-engine, and the 
whistle of the wind amid the wires of every electric telegraph, 
serve to publish the fact, — that it is in the departments of 
physics, not of metaphysics, that the greater minds of the age 
are engaged, — that the Lockes, Humes, Kants, Berkeleys, 
Dugald Stewarts, and Thomas Browns, belong to the past, — 
and that the philosophers of the present time, tall enough to 
be seen all the world over, are the Humboldts, thcArago^ *N^ 
the Agassizes, the Liebigs, the Owens, the Herschels, the 
Bucklands, and the Brewsters. In that educational course 
through which, in this country, candidates for the ministry 
pass, in preparation for dieir office, I finxl every group of gre^t 
minds which has in turn influenced and directed the 'mind of 
Europe for the last three centuries; represented, more or less 
adequately, save the last. It is an epitome of all kinds of learn- 
ing, with the exception of the l^nd most imperatively required, 
because most in accordance with the 'genius of the time. The 
restorers of classic fitefatare, — the Buchanans and Erasmuses, » 
—-we see represented in our Universities by the Greek and 
what are termed the Humanity courses ; the Galileos, Boyles, 
and Newtons, b^ the Mathe^iaXical and Natural Philosophy 
courses ; and the Lockes, Kants, Humes, and Berkeleys, by 
the Metaphysical course. But the Cuviers, Jhe Hut!ons, the 
Cavendishes, and the Watts, with their, successors the practi- 
cal philosophers of the pres&nt age, — ^men whose achievements 
in phy laical science we find marked on the surface of the obun- 
try in characters which might be read from the moon, — are not 
a4equately represented ;->^it would be perhaps more cortoot'to 
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BBjy tliat tbey are not represented at all;* and the clergy as a 
class suffer themselves to linger far in the rear of an intelligent 
and accomplished laity, — ^a full age hehind the requirements 
of the time. Let them not shut their eyes to the danger which 
is obviously coming. The battle of the Evidences will have 
as certainly to be fought on the field of physical science, as it 
was contested in the last age on that of the metaphysics. And 
on this new arena the combatants will have to employ new 
weapons, which it wiU be the privilege of the challenger to 
choose. The old, opposed to these, would prove but of little 
avail. In an age of muskets and artillery, the bows and ar- 
rows of an obsolete school of warfare would be found greatly 
less than sufficient in the field of battle, for purposes either of 
assault or defense. 

."There are two kinds of generation in the world," says 
Professer Lorenz Oken, in his ** Elements of Physio-Philoso- 
phy;" "the creation proper, and the propagation-that is se- 
quent thereupon,'— or the gemrada originaria and secundaria. 
Consequently no organism has been created of larger size than 
^n infusorial point. No organism is, nor ever has one been 
create^ v^hich is not microscopic. Whatever is larger has not 
been created, but developed. Man has not been oreated,* but 
developed." Such, in a few brief dogmatic sentences, is the 
development theory. What, in order to establish its truth; or 
^ven to render it in some ^degree probable, ought tp be the 
^ geological evidence ^regarding it? Tto reply seems obvious. 
In the first place, the earlier fossils ought to be very 9miiU\n 
dize ; in the second, very hw in organization. In cutting into 

the stony womb of nature, in ^order to deterofine whut it con- 

j_ -^ , — . . 

*I trust that at. least by and by there may be an exception 'claimed, 
from the general, but, I am sure, well-meant, censure of this passage, in 
favor of the Fr6c Church of Scotland. It has g6t as its Professor of 
Natural Seience, — ^dianks.to the sagacity of Chalmors, — ^Dr. John. Flem- 
ing,> raim of European reputation i and all that seems .further necessary, 
jn' order to secure the benefits pontemplated in the appointment, is, that 
attendvice on his course shovld bo rendered imperative on aU Frea 
Chiftch candidates for the minislry. 
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tained maybap millions of ages ago, we must expect, if the de- 
velopment theory be true, to look upon mere embryos and 
foetuses. And if we find, instead, the full grown and the 
mature, then must we hold that the testimony of Geology is 
not only fioi in dccorcUmce with the theory, but in positive op- 
position to it. Such, palpably, is the principle on which, in 
this matter, we ought to decide. What are the fads ? 

The oldest organism yet discovered in the nfost ancient 
geological system of Scotland in which vertebrate remains oc- 
cur, seems to be the Asierdepis of Stromness. After the 
explorations of many years over a wide area, I have detected 
none other equally low in the system ; nor have I ascertained 
that any brother-explorer in the same field has been more for- 
tunate. It is, up to the present time, the most ancient Scotch 
witness of the great class of fishes that can in this case be 
brought into court ; nay, it is in all probability the oldest 
ganoid witness the world has yet produced ; for there appears 
no certain trace of this order of fished in the great Silurian sys- 
tem which lies uaderneath, and in which, so far as geologists 
yet know, organic existence first began. How, then, 6n the 
two relevant points, — ^bulkand organization,-^doe8 it anfiww 
to the demands of the, development hypothesis? Was it a 
mere foetus of the finny tribe, of minute size, and imperfect, 
embryotic faculty ? Or was it of at least the ordinary btllk, 
and, for its class, of the' average organization? May I solicit 
the ibrbeaFan6&*of the non-geological reader, should my reply 
to these apparently simple questions seenoi unnecessarily prolix 
and elaborate ? Peculiar opportunities of observation, and the 
possession* of a set of unique fossils, enable m'e to submit t(T 
our palaeontologists a certain amount of information regarding 
this" ancient ganoid, whfch they "will deem lat once interesting 
and new ; and the bearing of my statements on the gejieral 
argument will, I trust, become apparent aS I j)roceed. 
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It had been long known to the continental naturalists, that 
in certain Russian deposits, very extensively developed, there 
occur in considerable abundance certain animal organisms ; but 
for many years neither their position nor character could be 
satisfactorily determined. By s6me they were placed too high 
in the scale of organized being ; by others too low. Kutorga, 
— a writer not very familiarly known in this country,— de- 
scribed the remains as those of mammals ;— ^the Russian rocks 
contained, he 'said, bones of quadrupeds, and, Ir 'especial, the 
teeth of swine: whereas Lamarck, a better kno^ authority, 
though not invariably a'safe'one, — for he bad a trick of dream- 
ing-when wide awake, and of calling "his dreams philosophy,—* 
assigned to them a place .among the corals. They belonged, 
he' asserted, as shown by certain star-like markings with which 
they are fretted, to the Polypftria. He even erected for their 
recejftion a new genus of Astr^, whioh he- designated, from 
the little funded hillock which rises m the middle of each star, 
the genus Montlqihina, It was left to a living naturalist, M. 
Eichwald, to fix theif true position zoologically «among the 
class of. fishes, and to Sir Roderick Murchison to* cietermine 
their position geologically as iejithydlites of the Old Red 
Sandstone, * 

Sir Roderick, on *his return iProm his great Russian Cam- 
paigns, — in which he^fared f^r otherwise than Napoleon, and ac- 
complished more, — submitted to Agassiz a series of fragments 
of these gigantic ganoids ; and the celebrated- ichthyologist, 
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who bad been introduced little more than a twelvemonth before 
to the Pterichikys of Cromarty, was at first inolined to r^|ard 
them as the remains of a large cuirassed fish of the Cephalas- _ 
pian type, but generically new. Under this impression, he bo-^^ 
stowed upon the yet unknown ichthyolito of which they had 
formed part, the name ChelonicJUkys^ from the resemblance- 
borne by the broken plates to those of the carpace and plas- 
tron of some of the Chelonians. At this stage, however, the 
Russian Old Ked yielded a set of greatly finer remains than it 
had previously furnished ; and of these, casts were transmit- 
ted by Professor Asmus, of the University of Dorpat, to the 
British and London Geological Museums, and to Agassiz. " I 
knew not at first what to do," says the ichthyologist, " with 
bones of so singular a conformation that I could refer them to 
no known type." Detecting, however, on their exterior sur- 
faces the star-like markings which had misled Lamarck, and 
which he had alfio detected on the lesser fragments submitted 
to him by Sir Roderick, he succeeded in identifying both the 
fragments and bones as remains of the same genus; and. on 
ascertaining that M. Eichwald had bestowed upon it,^from these 
characteristiti^ sculp turings, the generic name Asierolqns, or 
star-scale, he suffered the natDe which he himself had (origi- 
nated to drop. Even this 'second naihe, however, which the 
iSbthyolite still oontinucQ to bear, is, ih some degree, founded 
in error. Its true scdes, as I shidl by and by. show, were not 
stelliferous, but fretted by a peculiar style of ornament, con- 
sielting of waved anastomosing ridg03» breaking atop into an- 
• gular-shaped dots, scooped out internally like the letter V ; and 
were evidently intermediate in iheir charaeter between the 
scalek which cover the Qlyptclepts aod tho0e of the Hdop^ckius, 
And the stellate marking** which M, Eichwald graphically de*- 
scribes as minute paps rising out of the -middle of star-like 
virreath^ of little leaflets, were rcstridted to the dermal plate^ 
of. the head. 

Agassiz ultimately succeeded in. classing the. bones which 
had at ficst so puzzled him, into two divisionp,7^interior and 
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dermal; and tbe latter he divided jet further, though not 
withpnt first lodging a precautionary protest, founded on the 
extreme obscurity of the subject, into cranial and opercular. 
Of the interior bones, he specified two, — a super-scapular 
bone — (^supra-scapulaire), — that bone which, in osseous fishes, 
tsompletes the scapular arch or belt, by uniting the scapula to 
the cranium; and a maxillary or upper jaw-bone. But hia 
world-wide acquaintance with existing fishes could lend him 
no assistance in determining the places of the dermal bones : 
they formed the mere fragments of a broken puzzle, of which 
the key was lost. Even in their detached and irreducible 
state, however, he succeeded in basing upon them several 
shrewd deductions. He inferred, in the first place, that the 
Asterolepis was not, as had been at first supposed, a cuirassed 
fish, which took its place among the Cephalaspians, but a 
strongly helmed fish of that Celacanth family to which the 
Bcfloptl/chiics and Qlyptdepis belong ; in the tecond, that, like 
severed of its bjilkier cogeners, it teas, in all probability, a 
broad,. flatoheaded animal; and, in the third, that as its re- 
mains are i^und associated in the Bussian b^ with fiumerous 
detached teeth of large size, — the boar- tusks qf* Kutorga^->- 
. which' present internally that peculiar mieroscbpio chgxacter on 
which Professor Ovfea h'as erected his Dendrodic Qr tree-tooth- 
Ad family of- fishes, — ^it would, in all likelihood, b^ fbund that 
both- bones and tcbth belonged to the same gi*oup^ '* It ap- 
pears moi'e than probalJle," be said, **that one -day, by -the dis- 
covery . 0^ a head or an entire jaw, it will be shown that the 
genera Dendrodus and Asterolegis form but one." • As we piro- ' 
ceed, the reader will see how juStly the ichthyologist assigiled 
to the Asterdepis its place* among the Celacanths, and how en- 
tirely his two other conjectures regarding it have been con-* 
firmed. **Illave had in general," he concluded, •'but small 
and. mutilated fragments of the creature's hones submitted to 
me, and of these, even the surface ornaipents not well preserv- 
ed; but rhope the immense materials with which the Old Bed 
Sandstone of Baissia has furnidhedthe savans of that coun£ry, 
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will not be lost to science ; and that my labors on this interest- 
ing genns, incomplete as thej are, will excite more and more 
the attentioif of geologists, by showing them how ignorant we 
are of all the essential facts concerning the history of the first 
inhabitants of our globe." 

I know not what the savans of Eussia have been doing for 
the last few years ; but mainly through the labors of an intel- 
ligent tradesman of Thurso, Mr. Eobert Dick, — one of those 
working men of Scotland of active curiosity and well-developed 
intellect, that give character and standing to the rest, — I am 
enabled to justify the classification and confirm the conjectures 
of Agassiz. Mr. Dick, after acquainting himself, in the leisure 
hours of a laborious profession, with the sheUs, insects, and 
plants of the northern locality in which he resides, had set 
himself to study its geology; and with this view he procured 
a copy of t&e little treatise on the Old Eed Sandstone to which 
I have already referred, and which was at that time, as Agassiz's 
Monograplt of the Old Red fishes had not yet appeared, the 
only work specially, devoted to the palaeontology ef the sys- 
tem, so largely developed in the neighborhood of Thurso. 
With perhaps a siAgle exception,— rfor the Thurso rocks do not 
yet seem to have yielded a Fiericktkys,-^he succeeded in find- 
ing specimens, in a state of betted or worse keeping, of all the 
various ichthyolites which I had describe'd as peculiar to the 
Lower Old Red Sandstone. He found, howevejr^ what I had 
Tioi described; — the I'enjains of apparently a very gigantic ich- 
thyolite ; and, communicating with me through the medium of 
a common friend, he submitted to me, in* the first instatioe^ 
drawings of his new set of fossite; and ultimately, as I covld 
arriye at no satisfactory conclusion from, the dfawings, he, with 
great liberality, made over to m'e-the fossiTs themselves. Agas- 
siz's Monograph was nort yet published ; nor had I an opporr 
tunity of examining, until about a twelvemonth after, the casts, 
in the British Museum, of the fossils of Professor Asmus. 
Beside, all* the little information, derived from various sources, 
which I had acquired respecting the Russian Chelonichtkpt, — 
6 
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for Buoh was its name at the time, — ^referred it to the cnirassed 
type, and served hut to mislead. I was assured, for instance, 
that Professor Asmus regarded'bis set of remains ^s portions of 
the plates and paddles of a gigantic PtericlUhya of firom twenty 
to thirty feet in length. And so, as I had recognized in tho 
Thurso fossils the peculiarities of the Hohptychian (Celacanth) 
family, I at first failed to identify them with the remains of the 
great Russian fish. All the larger bones sent me by Mr. Dick 
were, I found, cerebral ; and the scales associated with these 
indicated, not a cuirass -protected, but a scale-covered body, 
and exhibited, in their sculptured and broadly imbricated sur- 
faces, the well-marked Celacanth style of disposition and orna- 
ment. But though I could not recognize in either bones or 
scales the remains of one ichthyolite more of the Old Bed 
Sandstone, "i^hat could be regarded as manifesting as peculiar 
a type among fishes as do the Ichthyosauri and Plesiosauri 
among reptiles," * I was engaged at the time in a course of 
inquiry regarding the cerebral development of the Earlier ver- 
tebrata, that made me deem them scarce less interesting than 
if I could. Ere, however, I attempt communicating to the 
reader the result of my researches, I must' ii^troduce^him, in 
order that he may be able tor set out mth me to the. examina- 
tion (^ the. AsterolepU from *tho same starting point,. i» the 
Celacanth family, — ih^sputably one of the oldest, iCnd not the 
l^st interesting, of its order. ' • . 

So far as is yet known, ^1 the fish of the earliest fossiKfer- 
ous system belonged to the placoid oif " bioad plated^' order, — 
a great division of 'fishes, represented in the existing seas by 
the Sharks and Kays,, — ^anini&Iis that, to an internal skeleton 
of cartilage, «unile a dermal covering of {)oints, plates^ or spines 
of enameled bone, anct have their gills fixed. The dermal or 
cuticular bones of this order vary greatly in form, according to 
the species or family; in. some cases they even vary, according 



* Agassiz's doBcription of the Ptmehthyi, as quoted by Humboldt, in 
hisGMfiiM. 
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to their place, on the same individual. Those button-like 
tubercles, for instance, with an enameled thorn, bent like a 
hook, growing out of the center of each, which run down the 
back and tail, and stud the pectorals of the thorn-back {Baia 
davata), differ very much from the smaller thorns, with star- 
formed bases, which roughen the other parts of the creature's 
body ; and the bony points which mottle the back and sides 
of the sharks are, in most of the known species, considerably 
mOre elongated and prickly than the points which cover their 
fins, belly, and snout. The extreme forms, however, of the 
shagreen tubercle or plate seem to be those of the upright 
prickle or spine on the one hand, and of the slant-laid, rhom- 
boidal, scale-shaped plates on the other. The minuter thorns 
of the ray (fig. 2, a) exemplify the ex- 
treme of the prickly type; the fins, abdo- ^*^Lp 
men, and anterior part of the head of the 
gpott'ed dog-fish (JSeyllium steUare), afe* 
covered by lozenge-shi^ped* little {elates,. 
which glisten with enamel, and are so 
thickly set tHat they cover the entii:^ sur- 
ffi($e of the skin (fig< S,. b), — ^and these 
seem equally illustrative of the scale-like 
fora. -they m shagreen^inte passing ^ ^^^^^ ^^ ^ .^ 
into osseous scales, without, however, be- ^^^ iRtnaeiavata.) 

b. Shagreen of SphngoduSf 

coining really such ; though they approach — « piaeoid qf the up- 
them so nearly in the shape and disposition 
of their upper discS) that the 'trpie scales, also osseous, of the 
Acanthodes sulcatus (fig. 3, a), ar ganoid of the Coal Measures, 
can scarce be distinguishecLfirom them, even %hen microscopi- 
cally examined. It Jis only when -seen in sectidn .that the dis- 
tinctive •difference appears. The true scale of the Acanth, 
though considerably elevated in Ahe center, seems to have been 
planted on the skin; whereas, the scale-like shagseen of the 
dog-fish is elevated over it on aii osseous pedicle or footstalk 

— .^ . — \ — , : 1 , — ^ , 

« From Mnrthjsoii's Silurian System. 
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(fig. 5, a), as a inushroom is elevated over the sward on its 
' stem; and tbe base of the stalk is found to 

\ ' resemfile in its stellate character that of a sha- 
green point of a prickly type. The apparent 
scale is, we find, a bony prickle bent at right 
angles a little over its base, and flattened«into a 
rhomboidal disc atop. 

In small fragments of shagreen (fig. 2, b)i 
which have been detected in the bone-bed of the 
Upper Ludlow Rocks (Upper Silurian), and 

a. seaiM <^ mmh- constitute the most ancient portions of this 

b. Shagreen qfSeyi. substauce kuowu to the palaeontoloirist, the os- 

iSnout), seous tubercles are, as in the minuter spikes of 

(Mag. eight diam.) , _ _ . . , , ,., , 

the Ray, of the upnght thorn-hke type ; — ^they 
merely serve to show that the placoids of the first period pos- 
sessed, like those of the existisg seas, an ability of secreting* 
solid bone on their cuticular surfaces ; and that, though at least 
such of them as have bequeatfied fo tta specimens of their der- 
mal armature, possessed it in the form- farthest removed from 
that of their immediate successor^, the ganoidaf fishes, they 
resembled them not less in the subatanee of which their derx 
moskeletal, than in that of which their ehdoskeletar/ parts 
were compqsed. For the interim} skeleton in both orders, 
duping these early ag«s, seems to have been equally cartilagi- 
nous, and the cuticular skqleton equally osseous. In^the ich- 
tbyolitio formation, immediately over the Siluriins, — that of 
the Lower Old fled Sandstone, — the ganoids first appear; and 
tbe members of at least-one ef the families of the deposit, the 
Acanths, — a family rich in genera and species, — seem to have 
formed connecting links between this seoond order and their 
placoid predecessors. They were covered with true scales (fig. 
4, a), and their free gills were* f»rotected by gUl-cbvers ; and so 
they must ^be regarded as -real ganoids ; but as the sh&green 
of tbe spotted dog-fish nearly approaches,* in form and charac- 
ter, toganoidal scales^ .without being really such, the scales of 
this family, on the other, hand, approached equally near with- 
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out ohangmg their nature, to the shagreen T)f the plaooids, 

especially to that of the spiked* dog-fish 

{Spinax AcarUhias), (Fig. 4, h.) Wo even ^' *' 

find on their under surfaces what seems to 

be an approximation to the characteristic 

footstalk. Thej so considerably thicken in 

the middle from their edges inward (fig. 5, c\ 

as to terminate in their centers in obtuse 

points. With these shagreen-like scales, 

the heads, bodies, and fins of all the species 

of at least two of the Acanth genera, — 

Cheiracanihtis and Diplacanthus,— were as ■• ^*f^ < ^f^Tf^- 

thickly covered as the heads, bodies, and •»• siuigrtm qf ^««#s 

fins of the sharks, are with their shagreen; (Mag- eighLdiameiav.) 

and so slight was the degree of imbricatioil, Y\g. S. 

tbat the portion of each scale overpaid by J^^^^^ « 

the two scales in immediate advance of it 

did .not exceed the one-twelfth part of its ^^ * 

entire area. ^ In the scftle of the Cheiracan" 

thw we find th^ covered portion indicated 




by a smooth, narrow l^and, that ran along ^\ ' ' 

its anterior edges; and which the furrows ^^ 

that fretted the exposed surface did not tra- *' cf scyiiwmaSuS!!, 
veri^e. It may be added, that both genera «.' sectimTtf 'Vemim if 
had, th^ anterior edge of th^ir fins armed r^J^^t!^ **** 
with strong spiiies,-^a "characteristic of se- (M$^[ght diam^w') 
veral of the Placoid families. * •. 

In the Dipterian genera Ostedepis and Diploptertis, the 
scales w&r& morQ unei^uivtcally such than in the Acanths, 
and moria removed from shagreen. The under surface of each 
was .traversed loxigitudinally by 9* raised bar, which at^tached it 
to the skin, and Which; in the transverse- section, serves to re- 
mind one 9f the shagreen fooistalk. They are, beside, of a 
rhomboidal f<5m^; and, when seen in the finer specimens, lying 
in their proper places on what' had becm once the creftture's 
body, they seem merely laid down side by side in lifte, like 



66 



FAlfILT 



Fig. 6. 





those rows of glazed tiles that pave a 
cathedral floor ; but on more carefal 
examination, we find that each little 
tile was deeply grooved on its higher 
side and end (for it lay diagonally in 
relation to the head, like the flags of a 
stone roof (fig. 6, a ), — ^that its lateral 
and anterior neighbors impinged upon 
it along these gro(f7es, to the extent 
of about one-third its area, — and 
that it impinged, in turn, to the same 
extent on the scales that bordered on 
it posteriorly and latero-posteriorly. 
Now, in the Celacanth family (and on 
this special point the foregoing re- 
marks are intended to bear), the scales*, 
which -were generally of a round er 
irregular oval form (fig. 6, h\ overlap- 

a. Scales ^,OsUolepisMi.roU. P^^ «*^^ ^^^^^ *« ^^ g'«.«^*'^^ «»*«°* 

pidttf»9' -^ as in hnj of the existing fishes of the 

b. Scales ef an undescribei spe- i . j . '\ j . 

cies of aivptoiepis* ; cycloid or ctenoid ordeifi, — to as 
(The single scales mag. two di- great an extcut, for iustauce, as in the 

ameter. ;-the others „at. size.) ^^^^ ^^^^^^ ^^ hemug. In a sktcd 

roof- there is no part on.which the slates .do not lie double, and 
along the lower edge of each tier they lie triple ;— r^here is more 
of slate covered, than of slate seen : ^hetea* in a tile-roof, 
the covered portion fs restricted to a small strip running aioijg 
the top and one of the edges of ed,ch file, and the tiles do not 
lie double in ptiore than the same degrectin which the Blates lie 
triple. The scaly cofver of the. two genera 'of Dipterians to 
which I Jbave referred. was a cover on the tile-ro^f principle; 
and this is an exceedingly common characteristic of the scales • 
of the ganoids. The ^caly cover of the Celaeanths, on the 

* These scales, which occur in a detatched sta^, in a stratified clay of 
the Old Red Sandstone, near Cromarty, present for their size a larger ex- 
tent of cover thaii the scales Of ahy other ganoid. 
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other hand, was a cover on the slate-roof principle ; — there was 
in some of their genera about one-third more of each scale 
covered than exposed ; and this is so rar^ a ganoidal mode of 
arrangement, thj^t, with the exception of the JMpterus, — ^a 
genus which, though it gives its name to • the Dipterian sept, 
differed gteatly from every other Dipterian, — I know not, be- 
yond the limits of the ancient Celacantfa family, a single gan- 
oid that possessed it. The bony covering of the Celacanths 
was farthest removed in character from shagreen, as that of 
their cotemporaries the Acanths approximated to it most 
nearly ; they were, in this respect, the two extremes of their 
order; and, did we find the Oelacanths in but the. later geo- 
logical formations, while the Acanths were restricted to the 
earlier, it might be urged by assertors of the development hy- 
pothesis, that tUb amply imbricated, slate-like 8e4le of the 
latter had been devebped in th^ lapse of ages from the sha- 
green tubercle, by passing in its downward course,— broaden- 
ing and expanding as it descended, — through the minute, 
scarcely imbricated discs of the Acanths, and the more amply 
imbricated tile-like rhombs of the Dipterians and Palaeonisci, 
until it had reached its full extent of imbrication in the fami}** 
iaf modern type exemplified in both the Celacanths and the 
•ordinary fishes. But such is not the order whic}i nature has 
observed ; — ^the two extremes of the ganoidal scale appear .to- 
gether in the same early formation ; both become extinct at. a 
periodi geologically lemote ; and the ganoidal scales of the ex- 
isting state of things which mocit nearly resemble those of 
ancient tiiqe lAre scales formed on th^ intermediate or tile-roof 
principle. 

The scales 'of the CeliM^anths were, in almost all the genera 
.which compose, the family, of great size, — in some* species, x>f 
the greatest ^ze to which ihis kind of integument ever attain- 
ed. Of a Celacanth of the Coal Measures, the' HcH^tyckms 
Bibbertiy the scales in the larger specimens were occasionally 
from five to six inehes in diametw. Svdn in the Bplqpiyehms 
Nobilismms, in an individual scarcely exceeding two and a 
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half feet in length, they measured from an inoh and a half to 
an inch and three quarters each way. In the splendid spe* 
dmen of this last species, in the British Museum, there occur 
but fourteen scales between the ventrals, though these lie low 
on the creature's body, and the head ; and in a specimen of a 
smaUer species, — the HdoptychiiiA Andersoni, — but about sev- 
enteen. The exposed portion of the scale was in most species v 
of the family curiously fretted by intermingled ridges and far- 
rows, pits and tubercles, which were either boldly relieved, as 
in the BolopiycMus, or existed, as in the Olyptdepis, as slim, 
delicately chiseled threads, lines, and dots. The head was 
covered by strong plates, which were roughened with tubercles 
either coAfluent or detached, or hollowed, as in the Bothride- 
pisy into shallow pits. The jaws were thickly set with an outer 
range of true fish teeth, and more thinly with an inner range 
of whatwseem reptile teeth, that stood upf tall and bulky, be- 
hind the others, like officers on horseback seen over the heads 
of their foot-QoIdiers in front. The dwibU fins, — ^pectorals and 
ventrals^-^were characterized each by a thick scale-covered* 
center, fringed by -the rays ; and they fliust have borne exter- 
nally somewhat the form of the sweeping paddles of the leh- 
thyosaurian genus, — a peouliarity shared also hf the double 
fins of the jpipten^, Th^ single fins, in all the members of the. 
family of which specimens have been found sufficiently entire 
to indicate the fact, were four in number,-7-an anal, a caudal, 
and two dorsal fins ; and, with the exception of the ai|^erior 
dorsal, whieh was compars^tively small, and Ibent , downward 
along the back, as if its rp.ys had been distorted ^rhen young;* 
they were all of large size. *They crowded thickly on the pos- 
terior portion of the body, — the anterior dorsal. opposite the 
ventrals, and the posterior dorsal opposite the aoal fin. The fin 
rays of the various 'm^nbers of the* family* and such of their 
spinous processes as hav^ been detected, were hollow tubular 
' ■ > ' I ■ ■ I ■ 1 1.. . .... . 

* A, peculiarity vpiiich alio occ.nn in the.anteH«r donal of. the Dip' 
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bones ; or rather, like the larger pieces in the framework of the 
placoids, they were cartilaginous within, and covered externally 
by a thin osseous crust or shell, which alone survives ; and to this 
peculiarity they owe their family name, Celacanth, or " hollow- 
spine." The internal hollow, t. e, cartilaginous center, was, 
however, equally a characteristic of the spinous processes of 
the Coccostetts, In their general proportions, the true Gela- 
canths, if we perhaps except one species, — the Glyptolepis Micro- 
kpidotus, — were dll squat, robust, strongly-built fishes, of the 
Dirk Hatterick or Balfour-of-Burley type ; and not only in the 
larger specimens gigantic in their proportions, but remarkable 
for the strength and weight of their armor, even when of but 
moderate stature. The specimen of Hdopiychiua liobUissimus 
in the British Museum could have measured little more than 
three feet from snout to tail when most entire ;. but it must 
have been nearly a foot in breadth, and a bullet would hflrve re* 
bounded flattened from its scales. * And such was thaj; ancient 
Celacanlih family, of which the oldest of our Scotch ganoids, — 
the Asterolepis of Stromness, — ^formed one of the 'members, 
and which for untold ages has had no living representative* . 

Let us now enter on our proposed inquiry regarding the 
cerebral development of the earlier vertebrata, and see whether 
we cannot ascertain after what niaimer the first true brains 
were' lodged,- and what those modifications were wMdh their 
protecting box, ^he cranium, received in the subsequent periods. 
Independently of its own special interest, the inquiry Will be 
feund to have a direet Beariug on our general subject. 
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CEREBRAL DEVELOPMENT OP THE EARLIER VERTEBRATA. 

ITS APPARENT PRINCIPLE. 



It is hel4 by a class of nataralists, some of them of the high- 
est standing, that the skulls of the vortebrata consist, like the 
columns to which they are attached, of vertebral joints, com- 
posed each, in the more typical forms of hd^d, as they are in 
the trunk, of five parts or elements, — the centrum or body, the 
two «pii|ous processes which inclose the spinal cord, and the 
two r^bs. These cranial vertebree, four in number, covespond, 
it is •said, .to the four senses that hav^ their seat in the head; 
t^ere is'the na^ yertebra, the centrum of whi^h is the volner, 
its spinal processes the nasal, and ethmoid bones, and its* ribs 
the upper jaws ; there is the ^ocular yertebra, the centrum of 
which is the anterior portion of the sphenoid bone,, its spinal 
processes the frontds, and its ribs the under jaws ; there is the 
lingual, yertebra, the centrum of which is the posterior sphenoid 
bone, its spinal processes the pauetals, and its rib^ the hyoid 
and branchial bone% — portions of the ^eleton largely de- 
yeloped in fishes; and^ lastly, there is the auditory vertebra, 
the centrum of which is the base of the occipital bone, And its 
spinal prQcesses the occipital crest, and which in the osseous 
fiBhes bears attached to it, as its ribs, the bonels of* the scapu- 
lar ring. And the cerebral segments thus constructed we 
find represented in typical diagrams of the .skull, as real verte- 
brae. Professor Owen, in his lately-published treatise on "The 
Nature of Liinbs," — a work charged with valuable £ict» and in- 
Btinot with philosophy, — figures in his draught of the archetypal 
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skeleton of tke vertebrata, the four vertebrae of tbe bead, in a 
form as unequivocally such as any of the vertebrae of the 
neck or body. . 

Now, for certain purposes of generalization, I doubt not that 
the conception may have its value. There are in all nature 
and in all philosophy certain central ideas of general bearing, 
round which, at distances less or more remote, the subordinate 
and particular ideas arrange themselves, 

" Cycle and epicycle, orb in orb." 
In the classificatioDS of the naturalist, for instance, all species 
range round some central generic idea ; all genera round some 
central idea, to which we give the name of order ; all orders 
round some central idea of class; all classes round some central 
idea of division ; and all divisions round the interioi' central 
idea which constitutes a kingdom. Sir Joshua. Eey Holds forms 
his theory of beauty on this principle of CQrilral ideas. — 
" Every species of the animal, as well as of the vegetable crea- 
tion," he remarks, "may be said to have a filed or determi- 
nate form, toward which nature is continually ihclining, like 
various lines terminating in a center ; or it majp be compared 
to pendulums vibrating in different directions over one central 
point, which tbey all crostf, tho\igl^ only one of their nunfber 
passes through any other point.'** ' He instances, in illustrat- 
ing his. theory, the G-reciatf beau idekl^ of the human nose, as 
seen in the statues of the Greek deities. It formed a straight 
line ; whereas all deformity of nose is of a convex or concave 
character, and occasioned by ^itl^er a rising above or \ sinking 

* bdow this medial line of beauty. And it may be of use, iis it 
is unquestionably of interest, to concdive, after thirf iqanner, 
of 'a certain type of skeleton, embodying, as it were, the cen- 
tral or primary type -of all vertebral skeletons, and consisting 

• of a double range of rings,' united by the bodies of' the Verte- 
•brae, as the two rings of a figure 8 are united at t^eir point 

of junction; the upper ring- forming the Jnclosure of the brain, 
— spinal and cephalic; the lower that of the viscera, — respira- 
tory, circi^atory, And. ^gestive. Such, is the idea embodied 
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in Professor Owen's arolfetypal skeleton. It is a series of 
yertebrse composing double rings, — their brain^nngs compara- 
tively small in the verteb^ of the trunk, but of much greater 
size in the vertebrse of the head. But it must not be forgot- 
ten, that central ideas, however necessary to the classification 
of the naturalist, are not historic facts. We may safely hold, 
with the philosophic painter, that the outline of the typical 
human nose is a straight line ; but it would be very unsafe to 
hold, as a consequence, that the first men had all straight 
noses. And when we find it urged by at least one eminent as- 
sertor of the development hypothesis, — Professor Oken, — ^that 
light was the main agent in developing the substance of nerve, 
— ^that the nerves, ranged in pairs, in turn developed the verte- 
brse, each vertebra being but "the periphery or envelope of 
a pair of lerves," — and that the nerves of those four senses 
of smell, sight; taste, and hearing, which, according to the Pro- 
fessor, "^^nake up the head," originated the four cranial verte- 
brae which constitute the skull, — it becomes us to test the 
central idea, thus converted into a sort of historic • my th, by 
tTie realities of actual* history. What, then, let us inquire, is 
the real history of the cerebral development of the vertebrata, 
as recorded in the rocks of the earHer geologic periods ? 

Though the veytebrata existed in the ichthyic form through- 
out the vastly extended^ Silurian period, we find hi that system 
no remains of the cranium: the Silurian 
fishes seem, tLS has b§en. already said (page 
62), to have J[)een exclusively placoid ; and 
the purely cartilaginous box for.med by na-' 
tur^ for the protection of th& brain in tiiB 
order has in no case been preserved. Tefeth, 
Mideranium* ana, UT at Icast onc or two instances, the 
(Mag. twelve diam.> j^^jj^^g j^^g q^q^ which tkey woro planted, • 

have beep found, but no. portion of the skull. We know,, 
however, that in the ^shes of the samB order which now exist, 

/ **Froin the head of Raia ^itioaia. 
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the oramiim consists of one nndiyided piece of a cartL^aginooB 
substance, set thickly over its outer surface with minute poly- 
gonal points of bone (fig. 7), composed intemdly of star-like 
rays, that radiate from the center of ossification, and that 
present,' in consequence, seen through a microscope, the appear- 
ance of the polygonal cells of a coral of the genus Astrse. — 
The pattern induced is that of stars set within polygons.^ 
Along the sides or top of this unbroken cranial box, that 
exhibits no mark of suture, we find the perforations through 
which the nerves of smell, ^ight, taste, and hearing passed 
from the brain outward, and see that they had failed to 
originate distinct vertebral envelopes for themselves; — they 
all lodge in one undivided mansion-house, and have<%nere- 
ly separate doors. We find, further, that the homotypal ribs 
of the entire cranium consist, not of four, but simply of a single 
pair, attached to the occiput, and which serves b(fbh to sus- 
pend the jaws, upper and nether, in their place under the mid- 
dle of the head, and to lend support io the hyoid and brancljial 
framework; while the sc^pul^r ring we find existing as in the 
higher vertebrata, not aif a cerebral, but ^ & cervical or dorsal 
appendage. In the wide range of the animal kingdom there 
are* scarce any two pieces of organisation .that less resemble 
one another in form than the vertebrae of the plaeoids resem- 
ble their skulls ; and the difference is not merely external, but 
extends to eyen their internal construction. In bofth skull 
and vertebrae we detect a union of- bone and cartilage ^4)ut 
the bone of each vertebra forms |in internal contiHuou^ nu- 
cleus, round which the cartilage is arranged ; whereas in the 
skulls it is the cartilage that is internal, and the bone is spieacL 
in granular points over it. If we dip the bo^y of que o£ the 
iofaal vertebrae of a herring into melted wax, and then with- 
draw it, we will findvit to represent inits crusted^tatothe 
vertebral centrum of a placoid, — soft without, and osseous 
within ; but in order* to represent the placoid skull; we would 
have first &,o mold it out of one unWoken piece of wtkx, and 
then to cover it over withr a priming of bone-dust. AnCl such 
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18 the eSeet of this arrangement, that while the sktill of a 
placoid, exposed to a red het^t, falls into dust, fi:om the circum- 
stance that the supporting framework on which the granular 
bone was arranged* perishes in the fire, the vertebral centrum, 
whose internal framework is itself bone, &nd so not perishable, 
comes out in a state of beautiful entireness, — resembling in 
the thornback a squat sand-glass, elegantly fenced round by 
the lateral pillars (fig. 8, b); and in the dog-fish (a) a more 
Fig. 8. elongated sand-glass, in which the lateral pil- 

lars are wanting. Such are the heads and 
Tertebral joints of the existing placoids ; and 
such, reasoning from analogy, seem to have 
" • ^ been the character and oonstruotion of the 
**^iI2r!ic2It!wS.^ teads and vertebral joints of the placoids of 
b. owMM cgKtr%m qf the SOuriau period, — earliest-bom of the ver- 

Rata elavata, -, ^^ 

* tebrata. ^^ 

(Nat; size.) . , . , , 

^/^ The most ancient bram-beanng cramums 

'^ thftl have come down to us in the fossil state are those^f the gan- 
I oids of th^ Lower Old Red Sandstone; and in these' fishes the 
/ true skull appears to haye been as enti^ly a simple cartilaginous 
/ box, jis that of the placoids of either the Silurian period or of the 
/ present time, or of those existing ganoids, the sturgeons. In the 
Lower Old Red genera PheiracmUhus md Diplacunihus, though 
I the heads are frequently preserved ss amorphous masses of 
\ colored matter, we detect no trace of internal bene, save per- 
haps in the gill covers of the trst-named genus, which Were 
fringed by from eighteen to twenty minute osseous rays. . The 
cranithm seems to have been, covered, as in the shark family, by 
sfeiq^ and the skin bj. minute shagreen-like scales ; and all of 
the ii\terior cerebral frame- work which appears* underneath ex- 
ists simply as faint imp];es8ions of an' undivided body, covered 
by what fieem to be . osseous points, — the bony molecules, it is 
probable, which incrustefl the cartilage. The jaw^, in the 
better specimens, are also preserved in. the $ame doubtful 
utyle ; tnd this Qtate of keeping is the common one in depo9its 
in whieB every true bone, however delicate, presents «n Outline 
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88 sharp as when it ocoupied its place in the living ankoal. 
The dermal or skin-Bkeleton of both genera, which consisted, 
as has been shown (pages 64, 65 ) of shagreen-like osseous 
scales and slender spines, both brilliantly enameled, is preserv- 
ed entire ; whereas the interior framework of the head exists 
as mere point- speckled impressions ; and the inference appears 
unavoidable, that parts which so invariably differ in their state of 
keeping now must have essentially differed in their substance 
originally. 

Now, in the CheiracarUkus we detect the first faint indica- 
tions of a peculiar arrangement of the dermal skeleton, in re- 
lation to certain parts of the skeleton within, which, — greatly 
more developed in some of its cotemporaries, — leA to import- 
ant results in the general structure of these gan6ids, and 
furnishes the true key to the character of the early ganoid- 
al head, in such of the existing placoids as I have had an 
opportunity of ^amining, the ^nly portions of the deAnal 
skeleton of bone which conform in their arrangement to por- 
tions of th^ interior skeleton of cartilage, are the teeth, which \ 
are always Lud on a base of skin right over the jaws : there is 
also an appro^mation to arrangement of a corresponding 
kind, though a distant on^, in those hook- armed tliVercles of 
certain species of rays, which run along the vertebtal cohjjijnj 
* bntr in the sha^een .by which the creature^) are covered I have 
bef n able to, detect no IStich arranjgement. Whether it occurs . 
on the fills, the body, or the head, or in the scale form, or in. . 
that of the prickle, it manifests the same careless irregularity. 
And on the head and body of the Cheiracanthtis,, and on all its • 
fins save one, the shagfeen-like scales, though laid down mor^ 
symmetrically in lines than true shagreen, manifested an equal 
absence of arrangement in' relation to the framework within. — 
On that one fin, however, — the caudal, — the scales, passing from 
their ordinary rhomboidal to a more rectangular form, ranged 
themselves' in right lines over the internal rays (fig. 9, a), and 
imparted to these suck strength as a splint of. wood or whale- 
bone* .fastened over a fractured tde or finder imparts io tho^ 
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injured digit, — a provision which was probably rendered neees- 
Fig. 9. savy ih the case of this important organ of mo- 
tion, from the circumstance that it was the only 
fin. which the creature possessed that was not 
strengthened and p]|;otocted anteriorly by a 
strong spine. In the Cheirdepia, — a cotempora- 
ry fish, characterised, like its cogeners the Cheird- 
cantkus B,nd. Diplacanthus, by shagreen- like scales, 
but in which the spines were wanting, — we find 
a farther development of the provision. In all 
the fins the richly- enameled dermal covering 
was arranged in lines over the rays (fig. 9, b); 
and the scale, which assupoies in the fins, like the 
scales on the tail of the CJmracanthtLS, though 
somewhat more irregularly, a rectangular shape, 
is so considerably ^longated, that it a^ames for 
its normal ctiaraeter as a scale, that of the joint 
b.Portiow oz-tfOH. of an external ray. A similar arrangement of 
oUpucwmm^ oztemal protection takes place in this genus over 
"'" tlie bones of the head: the cartilaginous jaws 

receive their qsseouif dermal covering, and, with 
these,, the hyoid bones, the opercules, and the cranium. And 
it is in these dermal plates; which cohered an interior skiill, of 
Whiph, save in on^' genus, — the DipteruSy not a vestige remaips 
in any of the Old Bed fishes thus protected, that we first trace 
what s^em to be the homologues of the cranial bones of the 
osseous fishes, — ajb least their homologues so far as the cuiicuhr 
can re^esent the intevnal. They appear for the first time, not 
as inpdified spinous processes, broadened, .as in the carpace^of 
the ehelonians,into osseous plates, but like those cormous exter- 
nal plates of this order of reptUes (known in one species as th*e 
tortoise-shell of commerce), the origin of which is puifety cuti- 



dal^ qf Cheir- 



gxa. 

(Mag. three dl 
aoieters.) 



* The darker, upper pateh in this figure indicated a porAon f n which 
the scales of thei fins in the fossil still retain their enamel ; — the lighter, 
4^ portioAfrom which (he enamel ha8di<ia^>eared. 
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cnlar, and whieh eTince so little correspondence in their divi- 
sions with the sutures of th#bones on which they r€st, that they 
have been instanced, in their relations to the joinings beneath, 
as admirable illustrations of the crosa-bcmding of the mechani- 
cian. • 

In the heads of the osseous fishes, the cranium proper, 
though consisting, }ike the skulls of birds, reptiles, and mam- 
mals, of several bones, exists from snout to nape, and from 
mastoid to mastoid, as one unbroken box; whereas all the 
other bones of the head, such as the maxiUaries and inter- 
maxillaries, the lower jaws, the opercular appendages, the 
branchial arches, and the branchiostegous rays, are connected 
but by muscle and ligament, and fall apart under the putrefac- 
tive influences, or in the process of boiling. This unbroken 
box, which consists, in the cod,, of twenty- five bones, is the 
homologM of that cranial box of the placoids which consists of 
one entire piece, and the homoh/pe, according to Oken, of the 
bodies and spinal processes of four vertebrsB ; while the loojser 
bones which drop away represent their riha. The upper sur- 
face oi the box, — ^that extending from the nasal bone to the 
nape,-^i9the only part over which a dermarbuckler could be 
laid, and' itns thD only part with which the external skin comes 
in contact ; and so it is between this upper surface and the 
cranial bucklers of the earlier ganojds that we have to insti- 
tute comparisons: For it is a quriouS fact, that, with the ex- 
ception of the Old Red genera Acanthodus, Cheir<icanthus, anH 
. Diplacanihus* alTthe ganoids of the periods in whicb gpinoSts 
*ftst appear have dermal bucklers placed right over their true 
skulls, and that {hese, though as united in their parts as the 
bones 'proper to the cranium in quadrupeds and fishes, are 
composed of several pieces, furnished each with its indepen- 
dent center. of ossification.- The Dipterians, the Celacanths, 
the Cephalaspians, and at least one genus placed rather doubt- 
foQy among the Acanths, — the genus Chetrol^pUH-^ possessed 

,_L_^_: ^ ^ : : , ^ ,__^ 

. '*.The Acanths of the Coal Measures possess .the cninial buckler. 
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cranial bucklers, extending from the nape to the snout, in 
which the jflates, various, in the ieveral genera, in form 4ind 
position, were fast soldered together, though in every instance 
the lines of suture were distinctly marked. 

On each side of this ezterniil cranium the various cerebral 
plates, like the corresponding cerebral ribs in the osseous fishes, 
were free, at least not anchylosed together ; and some of their 
number unequivocally performed, in part at least, the functions 
of two of these cerebral ribs, viz : the upper and under jaws, 
with those of the opercular appendages attached to the latter. 
In the cod, as in most other osseous fishes, the upper portion of 
the cranium consists of thirteen bones, which represent, how- 
Fig. 10. 




UFPBR 8URPACB OF CRANIUM OF COS.* 

A, .OeeipUal Bone. ^ F, f, Posterior frontaU. 

B, B, Parietals. £, E, Mastoid bones, 

C, C, C, Superior frontal. 2, 2, Eye orbits. 

I, ^fasal botu. . a, a, Par-occipital bones. 

Df D, ^mterior Frontal. 



^ *Pfofe88or Owen; jn fixing the homologues of the ichtliyic head, dif- 
fers considerably from Cuvier ; but Ifts view seems* to be the eorrectone. 



OF THS BABLIE& TXftSlBHATA. T9 

ever, only seyen boneB in the hmnan skull, — ^the nasaJ^ tlM 
fi*ODial, the two. parietal, the occipital, and one-half the two 
temporal bones. And whereas in man, and ip most of the 
mammals, there are four of these placed in the medial line, — the 
fonr which, according to tie assertors of the vertebral theory, 
form the spinal crests of the four cerebral yertebrsB, — in the 
cod there are but three. The super-occipital bone. A, (fig 10) 
pieces on to the superior frontal, C, C, C; and the parietals, 
B, B, which in the human subject form the upper and middle 
portions of the craniil vault, are thrust out laterally and pos- 
teriorly, and take their places, in a subordinate capacity, on 
each side of the super-occipital. This is not an invariable ar- 
rangement among fishes; — in the carp genus, for instance, the 
parietals assume their proper medial place between the occipi- 
tal and^ontal bones : but so very general is the displace- 
ment, that Professor Owen regards it as characteristic of the 
great ichthyic class, and as the first example in the vertebrata,. 
reckoning from the lower forms upward, of a sort of natural 
dislocation among the bones, — " a n^odificatioD,'' he remarks, 
"which, sometimes accompanied by great change of place, has 
tended most to obscure tbe essential nature of parts, and their 
true relations to the archetype." 

Of all thp cerebral bucklers of the first ganoidal period, 
that which best bears comparison with the cranial front of the 
cod i£i the btickler of the Coccosteus (fig. 11). The general pro- 



It will, tfowever, be seen, that in my attempted Qomparison of the divi- 
■ionB pf the ancient ganoid cranium with thgse of the craniams of ex- 
isting fishes, the points at issue between the two great naturalists are not 
involved, otherwise than as mtfre questions of words. .Tl» matter* to be 
determined, for instance, is not whether plate A in the skulls of the c^d 
and Coceosteus he the homologue of a part of the occipital or that^f a 
part of the parietal bones, but whether plate A in the CoecosteiM he the 
homologue of plate A in the cod. The letters employed I have borrow* 
ed from Agassiz's restoration of the Coccosteus ; whereas the figures in- 
timate divisions which the imperfect keeping of the specimens on which 
the ichthyologist. fonnded did not enable him to detect.. 
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portionB of this portion of the ancient Oepbalaspian head dif- 
fer very considerably from, those of the corresponding part in 
the modem cycloid one; but in their larger divisions, the 
modem and the ancient answer bone to bone. Three osseous 
pktes in the Coccoateus, A, C, I, the homologues, apparently, 
of the occipital, frontal, and nasal bones, range along the me- 
dial line. The apparent homologues of the parietals, B, B, 
occupy the same position of lateral displacement as the parie-* 
tals of the cod and of so many other fishes. The posterior 

Fig 11. 




.a . h 

m OEAIIIAL VUCKLBR OF COCC08TBV8 DBCIPUHS. 

a, a, Poiimtt ixf aliaehment to the euirasa tohich covered the upper 
part of the creature^e body. 

frontals, F, and the anterior frontals, D, also occupy places rela^ 
tively the same, though the latter, which are of greater propoi- 
tionid size, encroach much further, laterally and posteriorly, on 
the superit)r frontal, C, C, C, and sweep e^tbely round the upper 
Half of the eye-orbits, 2, 2. The apparent homologufi of the 
mastoid bone, E, which also occupies its proper place, joins 
posteriorly to a little plate, a, imperfectly separated in most 
specimens from the parietal, but which seems to represent the 
par-^ccipkal bone ; and it is a curious circumstance, that a«, 
in ihany of the osseous fishes, it is to' these bones that the 
forks of the scapular arch are attached, they unite in the Cbc- 
costeus in furnishing, in like manner, a point of attachment to 
the cuirass which covered the upper part of the creature's 
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body, Of the true internal skull of the Coccosteus, there re- 
mains not a vestige. Like that of the sturgeon, it must have 
been a perishable cartilaginous box. 

In the Ostedepis, — an animal the whole of whose external 
head I have, at an expense of some labor, and from the exami- 
nation of many specimens, been enabled to restore, — the cranial 
buckler (fig. 12) was divided in a more arbitrary style ; and 




.A 

CSAKIAL BUCKLXR OF OSTXOUmf . 

we find that'jin element of uncertainty mingles with our infer- 
ences regarding it, from,the circumstance, that some of its lines 
of division, especially in the frontal hal{ (G)/weie not real 
sutures, but formed merely a fcihd of surfaee-tattooing, resorted 
to as if for purposes of ornament. The d'anial buckler of the 
Asierolepis exhibited^ as I shall afterward have occasion tp 
show, a similar peculiarity ; — both had their pseudo-sutures, 
resembliilg .those false joints^ introduced by the architect into 
his rusticated basements, in -order to impart the necessary as^ 
pect of regularity to what is technically termed the coursing 
a^d- banding of the fabrie. We can, however, determine, not- 
withstanding* the induced obscurity, that the buckler of the 
Osteolepis wtfs divided -transversely ifa. the ipld^le into two main 
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piurts or segments, — an occipital part, A, and a frontal part, 
C ; and that the occipital segment seems to include, with the 
super-occipital, the parietal plates, and the frontal segmeut 
to comprise, with its own proper plates, not only the nasal 
plate, but also the representative of the anterior part of the 
vomer. All, however, is obscure. But in our uncertainty re» 
garding the homologies of the divisions of this dermal buckler, 
let us not forget the homology of the buckler itself, as a whole^ 
with the upper surface of the true cranium in the osseous 
fishes. Though frequently crushed and broken, it exists in all 
the finer specimens of my collection as a symmetrically- 
arranged collocation of enameled plates, as firmly united into 
one piece, though they all indicate their distinct centers of 
ossification, as the corresponding surface of the cranium in the 
carp or cod. The lateral curves in the frontal part immedi- 
ately opposite the lozenge- shaped plate in the center, show the 
position of the eyes, which were placed in Ihis genus, as in 
some of the carnivorous turtles,- ynmediately over the mouth, — 
an arrangement common to almost all the ganoids of the Lower 
Old Bed Sandstone. The nearly semicircular termination of 
the buckler formed the creature's snout ; and in the Osieolepis, 
as in the Qlyptolepis a^d the Diplopterus, it was armed on the 
under side, l^ke the vomer of so many of the osseous fishes, 
wfth«harp teeth. Some of my specimens indicate the nasal 
openings a little in advance of the. pyes. Tihe nape of the 
creature was ^overe^ by three detached plates (9, 9, 9, ^g. 13), 
which rested upon the anterior dorsal scales, and whose homo- 
logues, in the ossadus fishes, may possibly be found in those 
bones whieh, uniting the shoulder-bone^ to* the head, complete 
the scapular-belt or ring. The operculum w^ find* represented 
by a single plate (8), which had attached to it, as its dub-oper- 
eulum, a plate (13) of nearly equal size (see figs. 14 and 15). 
Four small- plates (2, 4, 5^,- formed the under curve of the 
eyes, described in many of the x)sseou8 fishes by a chain, of 
Small bones or pssicles ) a eansiderably larger plate (6) oceu^ 
pied the place oC the pre-5pcroularbone; while the intermax- 
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illaries had their representatives in well-marked plates (8, 9), 
which, in the genera 0«/6o/<^, Diplopterus, and Olypklepu^ 
we find bristling^ so thickly with teeth along their lower edges, 

Fig. 13. 
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as to Tcmind ns of the miniature saws employed by the jc^ner 
in cutting out circular holes. Theso esternal intermazillapes 
did not, as in the perch or cod, meet in front of the- nasal bone 
and vomer, but j6ined on at the side, a little in advice of the 
eyes, leaving the rounded tctminatlpn of the<cranial*fouclder, 
which, like the^intermazillaries, was thickly fringed with teeth, ' 
to form, as has been already said, the creature's snout.* 

The under jaws (10), — strongly marked bones in at least all 
the Dipterian and Oelacanth genera, — ^we find represented ex- 
ternally ])y massy pistes, bearing, like those of the upper jaw, 
their rangelof teetL As- shown in a well-preserved specimen 
ef the lower jaw of Hoioptyckius, in my po^ession, they were 
boxes of bone* inclosing a bulky nucleus of cartilage, which, in 
approaching toward the condyloid ^ocess, where great strength 
was necessary, wfus thickly traversed by osseous cancilli, and 
passed at the |oint into true bone. . It is in the under jaws of 
the earlier ganoid^ that we first detect a true union of the ex- 
ternal with the internal skeleton,~rof the. bony plates and 
teeth, which were mere plates and teeth of the nHn, with the 
osflieous,' ^nular walla which inclosed at least all the larger 
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pieces o£ tbe oartilaginouB framework of the interior. The 
jawB of the Rays and Sharks, formed of cartikge, add fenced 
ronnd on their sides and edges by their thin coverings of poly- 
gonal, bony points, are wholly internal and skin- covered ; 
whereas, the teeth, which rest on the soft onticular integu- 
ment right over them, are as purely dermal #b the surrounding 
shagreen. Teeth and shagreen may, we find, be alike stripped 
off with the skin. Now, in the earlier ganoidal jaw, two sides 
of the osseous box which it composed, — its outer and under 
sides, — were mere dermal plates, representative of the skin of 
the placoids, or of their shagreen ; while the other two, — ^its 
upper and inner sides, — seem to have been developments of 
the interior osseous walls which covered the endo-skeletal car- 
tilage. Nor is it unworthy of notice,* that the reptile fishes of 
the period had their khthyic teeth ranged along the edge of an 
exterior dermal plate, whicli covered the outer side, of the jaw; 
whereas, the re]Me .teeth were planted on a plate, apparently 
of interior development, which covered its upper edge. It is 
forther worthy of Remark, that while* the teeth of the dermal 
plate, — themselves also dermal, — seem as if they had grown 
out of it, and formed part of it,-w-ju§t as the teeth, of the pla- 
' coids grow out of the skin on which they rest, the.r^/i/^ teeth 
within rested in shallow pits, — the first fiuot indications of true 
sockets. 

That space hickided within the arch formed by the sweep 
of the under jaws, which we jfnd occupied in the osseous fishes 
by the hyoid bone^ and the branch iostegous rays, lfa^ filled up 
externally, in the* Dipterians and Celacanths, and in at least 
two genera of Oephalaspians, by dermal plates; in som^ 
genera, such- as the l)iplapteru8y by three plates; .in others, 
such as the Bolopti/chius and OlyptolepiSj by two ;* and in the 
Aaterdepis, as we shall afterward see, by but a single plate. 
In. tbe Ostedepis these pktes were increased to five ih imn^ber, 
by the little plates 14, 14 (fig* 14)) whiclr, however, may iiave* 
befen also present in the DiploptefUs, though my specimens fail 
to show 'them. The getieral ancangement Was of much ,«le- 
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ganee^ — an elegance, however, which, in the accompanying 
restorations, the dislocation of the free plates, drawn apart to 
indicate their detached character, somewhat tends to obscure. 

Fig. 14. 
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But the position of the eyes mu^ have imparted *o the animal 
a sinister, reptile-like aspect. The profile (fig. 15), the result, 
not of a chance- drawn outline, arbitratily filled up, but pro- 
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dnoed by the careful arrangement in their proper places of 
actually exii^ting plates, serves to show how perfectly the dermb- 

* The jaws (10, 10) wh^ch exhibit in the print their greatest breadth, 
would have presented in the animal, seen from beneatl»> their narrow* 
undefr edges, and have nearly fallen ilito the line of the' sub-operoular 
plates (13, 13). 

. • 8 
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Bkeletal parts of the creature were developed. Some of 
the animals with which we are best acquainted, if represented 
by but their outicular skeletons, would appear simply as sets 
of hoofs and horns ; even the tortoise or pensolin would pre- ' 
sent about the head and limbs their gaps and missing portions; 
but the dermo-skeleton of the Ostedepis, composed of solid 
bone, and burnished with enani^l, exhibited the outline of the 
fish entire, and, with the exception of the eye, the filling up of 
all its external parts. Presenting outside, in its original state, 
no fragment of skin or membrane, and with even its most flexi- 
ble organs sheathed in enameled bone, the Ostedlepia must have 
YQry much resembled a fish carved in ivory; and, though so 
effectually covered, it would have, appeared, from the circum- 
stance, that it wore almost all its bone outside, as naked as the 
human teeth. 

The cranial buckler of the Diphpterua (fig. 16) somewhat 

Ffg. 16. 




CRAMIl-L BUCKLER OF SIPLOPTBRVS. 



resembled that of its fellow- dipterian, the Osteolqns, but ex- 
hibited greater elegance of outline. My first perfect speci- 
men, which I owe to the kindness of Mr. John Miller of Thur- 
so, an intelligent geologist of the north, ' reminded me, as it 
glittered in jet-black enamel on its ground of pale gray, of 
those Roman cuirasses which one sees in old prints, impaled on 
stakes, as the central objects in warfike, trophies formed of 
spoils taken in battle. The rounded snout tepresent^d the 
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chest and gboolders, the middle portion of the waist, and the 
expansion at the nape the piece of dress attached, which, like 
the Highland kilt, fell adown the thighs. The addition of a 
fi*agment of a sleeve, suspended a little over the eye-orbits, 2, 
' 2, seemed all that was necessary in order to render the resem- 
blance complete. But as I disinterred the buried edges of the 
specimen with a graver, the form, though it grew stiU more 
elegant, became less that of the ancient coat of armor; the 
snout expanded into a semicircle; the eye-orbits gradually 
deepened; and the entire fossil became not particularly like 
anytlung, but the thing it once was, — the cranial buckler of 
the Diplqpierus. The print (fig. 17) exhibits its true form. 

Fig. 17. 




ORAMIAL BUJDXLBR Or DIPL0PTBRU8. 

It consists of two main divisions, occipital (A) and frontal (C, 
fig: 16) ; and in each of these we find a pair of smaller divi- 
dons, wifch what seem to be* indications of yet furtl^er division, 
markedj not by lines, but by dots; though I have hitherto 
jftiled to determine whether the plates which these last indi- 
cate possess -their independent centers of ossification. Not 
nnfrequently, however, has th^ comparative anatomist to seek 
the analogues of two bones in one ; nolr is it at least moh diffi- 
oolt to ttace in the faint divisions of the tsranial buckler of 
ike D^pkptems^ the homologaes of 4he Occipital, fkrontd, pane- 
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tftl, and nasal bones, than to recognize the representatiTes of 
the carpals of the middle and ring finger in man, in the can- 
non bone of the fore leg of the ox. I may mention in passing, 
that the little central plate of the frontal division (1, fig. 16), 
which so nearly corresponds with that of the OHeoUpUf occur- * 
red, though with considerable variations of form and homology, 
and some slight difference of position, in all the ganoids of the 
Old Bed Sandstone, whose craniums were covered with an 
osseous buckler, and that its pUce was always either immedi- 
ately between the eyes or a very little over them. Its never- 
failing recurrence shows that it must have had some meaning, 
though it may be difficult to say what. In the Coccostevs it 
takes the form of the male dovetail, which united the nasal 
plate or snout to the plate representative of the superior 
frontal. Of the cartilaginous box which formed the interior 
skull of either OHeolepis t>r Bipioptems, or, with but one excep- 
tion, of the interior skulls of any of their cotemporaries, no 
trace, as I have said, has yet been detected. The solitary 
exception in the case is, however, one of singular interest. 
Fig. 18. In a Collection of^miscellaneous fragments 

\^H^ Thurso, I detected patches of pallatal teeth 
* ^^^W ranged in nearly the quadratures of circles, 

and which. ladiajed outward from the rec- 
tangular angle or center (fig. 18, h). And 
with the patches there occured plates exact- 
ly resembling the barbed head of a d^ (a), 
with which I had been previously acquaint- 
ed, though I had failed to determine their 
character or place. The excellent state of 
^ ^ keeping of some of Mr. . Dick's specimens 
h^QrtmprfptaututMUu HOW enabled me to trace the patches with 
the dart-head, and several- other plates,^ to. a curious piece of 
palatal- mechanism, ranged along the base of a ganoidal cra- 
miuip, 'covered externally by a b^ghtly enameled buckler, and 
to aseertain the ord^ in which patdies«nd pktes occurred. — 
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And then, thongb not without some labor, I suoceeded in tra- 
cing the buckler with which they were associated in the Dip- 
terns, — a fish which, though it has eogaged the attention of 
both Cuvier and Agassiz, has not yet been adequately restored. 
It is on an ill-preserved Orkney specimen of the cranial buck- 
ler of this ganoid that the ichthyologist has founded his genus 
Pdyphraius ; while groups of its palatal teeth from the Old 
Bed of RussTa he refers to a supposed placoid, — the Cienodus, 
But in the earlier ages of palseontological research, mistakes of 
this character are wholly unavoidable. The palaeontologist 
who did avoid them would be either very unobservant, or at 
once very rash and very fortunate in his guesses. If, ere an 
entire skeleton of the Ichthyosaurus had turned up, there had 
been found in different localities, yi the Liasic formation, a 
beak like that of a porpoise, teeth like these of. a crocodile, a 
h^ad and sternum lik^ those of a lizard, paddles like those of a 
cetacean, and vertebrae like thpse of a fish, it* would have been 
greatly more judicious, and more in accordsftice with the ^list- 
ing analogies, to have erected, provisionally at *leaBt, ]places 
specifically, or even generically separated, m which to radge 
the separate pieces, than to hold that they had all united in one 
anomalous genus ; though such Vas actually the fact. And 
Agassiz, in erecting three distinct gdtaera out of the fragments 
of a single genus, has in realiiy acted at* once more prudently 
and more intelligently than If ^e had avoided the error by 
rashly uniting parts which in their separate state indicate no 
tie of connection; • * • 

The cranial buckler o!? the Dipterus (fig. 19), was, like that 
of the Diplopterus, of great beauiy. In some of thq. finest 
specimens, we find the, enamel ornately tattooed) within the 
more strongly marked divisions,/ ty. delicatrfy traced lines, 
waived and bent, as if upon the principle of Hogarth ; and 
though the lateral plates are numerous and small, and defy (he 
homologies^ we may trace in 4h68e of the central line from the 
snout to the nape, what seem to be the representatites of the 
frontal, parietal, and occipital 'bone8,-r*the pailietab ranging, 
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CRANIAL BVCKLBR OF DIPTBRU8. 



as 4n tbe^Bkull of the carp and in that of most of ^he mam- 
malB, in their proper place in the medial line. But the under 
surface; of the cranium, armed^ as oji the upper surface, with 
plates of bone, exhibited an arrangement still more peculiar 
(fig. 20). Its rectangular patches, of palatal teeth, iU curious 
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4ari-like bone, place^iMimediately behind these, and attached, 
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as the dart-head is attached to the handle; to a broad lozenge* 
shaped plate, with two strong osseous processes projecting on 
either side, forms such a tout ensemble as is unique among fishes. 
Even here, however, there may be traced at least a shade of 
homological resemblance to the bones which form the base of 
the osseous skull. The single lozenge- shaped plate (A), with 
its dart- head, occupies the place of the basi-occipital bone ; the 
posterior portion of the vomer seems represented by a strong 
bony ridge, extending toward the snout ; two separate bones, 
each bearing one of the angular patches of teeth, corresponds 
to the sphenoid bone and its alae ; and attached laterally to 
each of these there is the strong projecting bone, on which the 
lower J2^w appears to have hinged, and which apparently rep- 
resents the kwer part of the temporal bone. Not less singular 
was the form of the creature's under jaw (fig. ^1). I ^ow 
Fig. 21 




• . UNDBR JAW OF DIPTBRtTS. 

no other fish-jaw, whether of the recent or the extinct racofi, 
that might be so readily mistaken fer that of a quadruped. It 
exhibits not only the condyloid, but also th^ coronoid processes; 
and, save that it broadens on its upper edges, where in mam- 
mals the grinders are placed, so as to furnish field- enough for 
angular patches of teeth, which correspond with the angular 
patches 4n«the palate, it xnight be regarded, found * detached, as 
at lekst a reptilian, if not manunalian, bone. - The disppsition 
of the palatal teelh of the D^terus wiil scarce fail to remind 
the mechanist o€ th^ style of grooving resorted to in the for- 
mation of mill-slones for ihe gtmdmg, of . flour ; nor is it wholly 
improbfkble that, in oorrespondence with the rotafy metion of 
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the stonefl to which 'the grooving is specially adapted, jaws so 
hinged may have poss^sed some such power of lateral motion 
as that exemplified by the human subject in the use of the mo- 
lar teeth. 

The protection afforded by the osseous covering of both the 
upper and under surface of the cranium of this ichthyolite has 
resulted, in several instances, in the preservation, though al- 
ways in a greatly compressed state, of the cranium itself, and 
the consequent exhibition of two very important cranial cavi- 
ties, the brain-pan proper, and the passage through which the 
spinal cord passed into the brain. In the sturgeon the brain 
occupies nearly the middle of the head ; and there is a consid- 
erable part of the occipital region traversed by the spine in a 
curved *channel, which, seen in profile, appears wide at the 
nap^, but considerably narrower where it enters the brain-pan, 
and altogether very much resembling the interior of a minia- 
ture hunting-horn. And such exactly was the arrangement of 
the greater cavities in the head of the Dipt^ms. The portion 
of the cranium which was oVerlaid by what may be regarded 
fTB the occipital plate wa^ traversed by a cavity shaped like a 
Lilliputian bugle-horn ; white the hollow in which the brain 
was lodged lay under the two parietal plates, and the little 
elliptical plate in the center. • The accompanying print (fig. 
22), though of but slight show, maybe regarded by the reader 
. • • Fig 1». 
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with some little interest, as A notinadequata re|)resentation of 
the. most ancient brain-pan on which human eye has yetloeked, 
— as, in short, the type of cell in which, my^ads of agea ago, 
in at least one^ genus, that mysterious substance was lodged, 
on whose place and development s(^ very, inac^ti in the scheme 
of cveation was destined to d^n^. The specimen from 
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which the figure is taken was laid open laterally by chance ex- 
posure to the waves on the shores of Thurso ; another spe- 
cimen, cut longitudinally by the saw of the lapidary, yields a 
similar section, but greatly more compressed in the cavities ; 
on which of course, as unsupported hollows, the compression to 
which the entire cranium had been exposed chiefly acted. — 
When the top and bottom of a box are violently forced togeth- 
er, it is the empty space which the box incloses that is anni- 
hilated in consequence of the violence. 

It is deserving of notice, that the analogies of the cranial 
cavities in this ancient ganoid should point so directly Mn the 
cranial cavities of that special ganoid of the present ,time 
which Unites a true skull of cartilage to a dermal sku]^ of 
osseous plates, — a circums&nce strongly correboralive c^ the 
general evidence, negative and positive, pn which I Aave eou- 
duded that the true skulls«of the first ganoids were sAao car- 
tilaginous. It is further wortl^ oi obserratien^ that ift aU the 
sections of the draniuni of Dipterua which I hav^ yet examm- 
ed, the internal line is continuoiVB, as in the pla(^;uds,' from aape 
to dnoilt, and that the trUe skuQ presents no trace of th^e 
cerebral vertebr«3 of which skulls are regarded by Oken and 
his disciples as developmeots. Historically at. least, the pro* 
gress of the iehthyic head seem» to*ha¥e been a progress firom 
single cartilaginous boxes to cartilaginous boxe? covered with 
osseous plates, that perfq^ the functions, whether active or 
passive, of internal bones ; and .then from external plates to 
the interior bonee whieh the plates had pdrevioudy xepiesented, 
and whose proper work they had donow * * . 

The principle wf^ich rendered it necessary that the divisioi|8 
whiqh exist ip the dermal skuUs qT the first ganoids should so 
closely correspond with the division d which exist-in the internal 
skulls of the Osseous fishes of a greatly later period, does not 
seem io lie far from the surface. • Of the solid parts of the 
iehthyic head/ .a* certain set of pieces afford p]y)teetioQ totlte 
brjiin and cerebral nerves, and to some of the organs of. the 
senses, such as those of seeing and. hearing; while anotbAr 
9 
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oertain set of pieces constitute the framework through which 
an important class of functions, manducatory and respiratory, 
are performed. The protective bones of merely passive func- 
tion are fixed, whereas the bones of active function, such as 
the jaws, the osseous framework of the opercules, and the 
hyoid bones, are to the necessary extent free, i. e. capable of 
independent motion. Of course, the detached character ne- 
cessary to the free cerebral bones would be equally necessary 
in cerebral plates united dermally to the pieces of the carti- 
laginous framework, which performed in the ancient fish the 
functions of these free bones. And hence jaw plates, opercu- 
Ur Plate's, and hyoid plates, whose homological relation with 
recejit jaws and opercular and hyoid bones cannot be mista- 
ken. • They were operative in performing identical mechanical 
fonetion^and had tp exist, in consequence, in identical me- 
chanical conations. And an equally simple, though somewhat 
diffenent prihcipllB, seems te |pive ifegulated the divisions of 
the. fixed cratual bueklexs of the Old B^d ganoids, and to have 
detemined tltfir homologies with the fixed derebral bones ef 
the osseous fishes. \ -' . ' * ' ^ ' 

Tbedb t^rAuial bucklers, extending from nape te. snout, pro- 
teoteft the eziposed* upper surface •«& the cartilaginous skuil» 
and eonfdrmed to it* m shape, 'as a helmet conforms to the 
shtfpe of the head^ or a breastplate te the shape of the cl^st. 
And as the cartilaginous heads res^bled ii^ general outline 
the essepus ones, the buckler which covered their upper sur- 
face resembled in general outline ^h& upper surface of the osse- 
ous stull. • It was in no-case entirely a fl^t plate ; but in every 
species rouudcd over the snout, dnd in ijiost s{)ecies at the 
sides ; and so, in ordeV that fts characteiistic propprtions mighi 
be pfes^r^ed iihrougheut thcc various ^stages of growth in the 
head which it. covered, it haii to be formed firoin several dis- 
tinct* center^ of ossification, and to extend* in area around the 
edges of the plates originafted from these. 'The workman 'finds 
X>o*difficulty in adding to the size of a piece of straight wall, 
ifrhetiier by heightening or lengthening it; but he Cannot add 
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ta tfab tdze of a dome or areh, without first taking it down, 
and th6n erecting it anew on a larger scale. In the domes and 
arches of the animal kingdom, the problem is solved by build- 
ing them up of distinct pieces, few or many, according to the 
demands of the figure which they compose, and then rendering 
these pieces capable of increase along their edges. It is on 
this principle that the Cystidea, the Echinidae, the Chelonian 
carpace and plastron, and the skulls of the osseous vertebrata, 
are ccmstructed. It is also the principle on which the cranial 
bucklers of the ancient ganoids were formed.* And from the 
general resemblance in figure of these bucklers to the Ttp^r 
suxface of the osseous skull, the separate parts necessary fi}r 
the building up of the one were anticipated, by many ages, ifi. 
the building up of the other; just as we find external archesf of 
stone which were erected two lihousand years ago, constructed 

*Iii all probability it ia likewisa th« principle of « the plaooid .skull. 
The numerous oraeoua points by which ^e Utter is iucrusted, each capa- 
ble of increase at the edges, seem the minute bricks of an ample dome. 
I^ is possible, however, that nevf points may be formed in the interstices 
between the first form^ one^ as wliat anatomists term the triquatra or 
Wormiana form between tfie serrated %dgeS' oC thelambdoidal suture in 
the Irumair 8kntL;^and that thb osseous surface*of the cerebral dome may 
thus extend, as ^le dome itself increases in size, not through the growth 
of tly previously existing pieces, — the minute bricks o*f my iIIustration,-vr- 
hut through the addition of naiw one's. Equally, in either case, however, 
that essential difference "between the placoid skult and the placoid verte- 
bra, to whlcli Ihare referred; apj^tfrs to hinge on 
the circumstance, that while the oss^us nucleus • >?• 3. 

of >each vertebral cenir\im could fo^m;^ in even its 
most complicate sj^ape, from a single point, the 
osseous walls of the cranium, had to be formed 
from hunSreds, The accompanying diagram * 
sarves to show after what manner the vertebral 
teBtnim in the Ray charges with the growth of sbction or vbatcbral 
the animal, byaddition pf bony matter external ^JJJJ*^'^*' °' ™°"' 
.to the point, in the middle, at which ossi^cation 

first begins. The horizontal lipes indicate the lines of increment in 
the twa internal con^ which each centrum comprises, and Iho vei^i* 
eld ones the lineir of increment in the lateiU pillars* 
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on the same principle, and relatively of the same pactB, as 
ipternal arches of brick bnilt in the present age. Doubtless, 
however, with this mechanical necessity for correspondence of 
parts in the formation of corresponding erections, there may 
have mingled that regard for typical resemblance which seems 
so marked a characteristic of the style, if I may so express 
myself, in which the Divine Architect gives expression to his 
ideas. The external osseous buckler He divided after the 
general pattern which was to be exemplified, in latter times, in 
the divisions of the internal osseous skull; as if in iUustration 
of that " ideal exemplar" which dwelt in his mind from eter- 
luty, and on the palpable existence of which sober science has 
based deductions identical in their scope and bearing with some 
of th^ sublimest doctrines of the theologian. ** The recogni- 
tion/ • says Professor Owea, " of an ideal exemplar for the ver- 
tebrated animals, proves that the knowledge of such a. being 
as man' existed before man appeared ; for the Divine mind 
wliitsh planned the archetjrpe also foreknew all it^ modifications. 
The archetypal idea waa manifested in the flesh, under* divers 
such modifications) upon this planet, long prior to the exil- 
tence of those anioMil species that aotually Exemplify it." 

But while we find place In that geological Jiistory.in which 
every character js an orgapism, for the '4deab exemplar" of 
f rafessor Owen, we' find no place in it for the viertebrae-devel- 
oped skull of Professor Oken. t1i^ true . genealogy of the 
head runs in an entirely different line.* The nerves of the 
cerebral senses did not, we find, originate * cerebral vertebree, 
seeing (hat the heads of the- first and second geologic periods 
had their* cerebral nerves,' but not their cerebral vertebrae ; and 
that what are regarded as cerebral vertebrae appear for the 
fitsi time, nbt in the early fishes, but in the reptiles of the Co|d 
formation. That line of suocession through the fish, indicated 
by the Continental asbertor of the development hypothesis, is 
a line cut offl All the existing evi^^nce conspireis to show 
that the plaQoid. heads of the Sikria^ system were,' like the 
placeid heads of the recent period, mere caitilaginous boxes ; 
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and that in the sncceeding system theiie existed ganoidal heads, 
that to the internal cartilaginous box added external plates of 
bone, the homologues, apparently, — so far at least as the 
merely cnticolar could be representative of the endo-skele- 
tal, — of the opercular, maxillary, frontal, and occipital bones 
in the osseous fishes of a long posterior period, — ^fishes that 
were not ushered upon the scene until after the appearance 
of the reptile in its highest forms, and of even the marsupial 
quadruped. 
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THE A8TER0LEPIS, ITS STRUCTURE, BULK, AND ASPECT. 



With the reader, if he has accompanied me thns far, I aball 
now pass on to the consideration of the remains of the Aaiero^ 
lepis. Our preliminary acquaintance with the cerebral peculi- 
arities of a few of its less gigantic cotemporaries will be found 
of use in enabling us to determine regarding a class of some- 
wjiat reselnbling peouliarities which characterized this hugest 
ganoid^ of the Old Bed Sandstone. 

The head of the Asteroltpis, like the heads of all the other 
Celacanths, and of all the Dipterians, was covered with osse- 
ous plates, — its body witli bsseous scales; and^ as I baT^ 
already had occasion to mention* it is from fhe star-like tuber- 
cles by which the cei:ebTal plates were fretted, that M. Eich- 
wald besliowed on. the creature its generic name. Agassiz has 
even erected species on certain varieties in the pattefn of the 
stsgrs, as exhibited on detached fragments ; but I am far from 
being satisfied that we are to seek in their peculiarities of 
style the characters by which* the several species were distin- 
guished. The stellar form of the tubercle SQiems to have been 
its normal or most perfect form, as it was also, with c^ain 
modifications, that of the tubercle of the Coc^stetis and Pterich" 
ihys; but its development ^s a complete star was compara- 
tively rare : in mest cases, the tubercles existed without the 
rays, — frequently in the insulated pap-like shapfe, but not 
rately confluent, or of an elongated or, bent form; and when 
to these the characteristic rays>were added, the stars produced 
were of a rather eccentric order, — stars somewhat resembling 
the shadows of stars seen in water. Individual specimens 
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Fig. 24. 




have already been found, on which, if we recognize the torn 
of the tubercle as a specific charac- 
ter, several species might be erected. 
The accompamying wood-cut (fig. 24) 
represents, from a Thurso specimen, 
what seems to be the tnje normal pat- 
tern of these cerebral carvings. Seen 
in profile (b), the turbercles resemble 
little hillocks, perforated at their bases 
bv single lines of thicklv set caves : ^«^«' turbereieFf^f^atenUpu. 

•^ ° ^ ' (Maff. two diameteri.) • 

while seen from above (a), the nar- 
row piers of bone by which the caves ave dij^ed take the form 
of rays. The reader will scarce fail to recognize in this,print 
the coral MotUicularia of Lamarck, or fo, detect, in at least the 
profile, the peculiarity which suggested tfie name. • 

The scales which covered the creature's body (fig. 26), ^were 

' Fig. 25. . • 




' 8<S1lBS or 'ASTEROLEPIS « ' • 

(Nat. size ) . • / 

a, Inner surface qf scale., b, Exterior surface. 

in proportion to its si^e, considerably snmller and thinpes than 
those of the ffolopt^chius, whidh, hewe«rer, they greatly resi^m*. 
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ble in their general style of sculpture. Each, on the lower 
part of its exposed field, was, we see, fretted by longitudinal 
anastomosing ridges, which, in the under part, break into de- 
tached angular tubercles, placed with the apex dpwnward, and 
hollowed, leaf-like, in the center ; while that covered portion 
which was overlaid by the scales immediately above we find 
thickly pitted by microscopic hollows, that give to this part of 
the field, viewed under a tolerably high magnifying power, a 
honeycombed appearance. The central and lower parts of the 
Ulterior surface of the scale (a) are in most of the specimens 
. Fig. 26. , irregularly roughened ; while a broad, smooth 
bai)|l, which runs along the top and sides, and 
seems to have furnished the line of attachment 
to the creature's body, is comparatively smooth' 
The exterior carvings, though they demand the 
assistance of iiie lens to see them aright, arcof 
singular elegance, and beauty, as perhaps* the 
accompanying wood-cut (fig. 26), which gives a 
magnified view, of a portion of t*he scale iisme- 
diately above (5), from this middle of th& honey- 
combed field on th^ right side, to where the 
anastomosing ridgeis bepd gracefully in their de- 
scent, may in some degree serve to ^how. J 
have seen a richly inlaid coat Qf mail, which 
was once worn by the puissant Ghafles the Fifik ; but its elab- 
orate carvings, though they belonged to the age of Benvenuta 
Cellini, were rude and unfinished, compared with those which, 
fretted the «rmor of the AsteroiepiA, 

The creature's cranial buckler, which was of great size and 
strength, might well be^ mistaken for the c^rpaee of some 
Chelbnian fish of no inconsiderable bulk, ^be cranial buck- 
lers of the larger Dipterians were ample enough to have cover- 
ed the corresponding part in th^«kulls of our middle-sized 
market-fish, such as the haddock and whiting'^ the buckler of 
a Coctofieus of the extreme size would havft covered, if a. little 
altered in shape, the upper surface^ of the skull of a cod ; . but 
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tke cranial buckler of Asterolepis, from which the accompa- 
nying wood-cat was taken' (fig. 27), would have considerably 
more than covered the corresponding part in the skull of a 
large horse ; and I have at least one specimen in my collection 
which would have folly covered the front skull of an elephant. 
In the smaller specimens, the buckler sori^ewhat resembles a 
laborer's shovel divested of its handle, and sorely rust-eaten 
along its lawer or cutting edge. It consisted of plates, con- 
nected at the edges by flat squamous sutures, or, as a joiner 
might perhaps say, glued together in bevded joints. And in 

Fig. 27. 




b a ,b, 

CKAMllL BVCKLBR OP ▲STBROLBPM. 

(One-fifth nat. sin, linear.) . 

c^onsequence of this arraDgement, tii% same* plates which i 
^oad on the exterior surface appear comparatively narrow on 
the kitenorone, mxdvUe versa: tliQ occipital plate («), which, run- 
ning 'from the nape along the center of the buckleit occupies 
so considerable a space on its outer •surface, exhibits inside a su- 
perficies reduced at least one-half. Like nine-tenths of its 
cotemporaqiiesj the Asterdepis exhibits the little central plate 
betweisn -ihe eyes ; but.the eye-orbits, unlike those of the Coe- 
cotteng and of«llihe Dipteriangenera, which were half-scooped 
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out of the cranial buckler, half-encircled by detached plates, 
were placed completely within the field of the buckler, — 
a circumstance in which they resemble the eye-orbits of the 
FierickthySy and, among existing fish, those of the sea-wolf. — 
The characteristic is also a distinctive one in Cuvier's second 
family of the Acanthopterygii, — the "fishes with hard cheeks." 
A deep line immediately over the eyes, which, however, indica- 
ted no suture, but seems to have been merely ornamental, 
forms a sort of rudely tattooed eyebrow ; the marginal lines 
parallel to the lateral edges of the buckler were also mere tat- 
tooings ; bu^ all the 'others indicated joints which, though more 
or less anch^losed, had a real existence. So flat was the sur- 
face, that the edge of a ruler rests upon it, in my several speci- 
mens, both lengthwise {ind*across ; but it was traversed by two 
flat ridges, which, stretching' from thef comers of the latero- 
posterior, i. e. parietal, plates (6, d), converged at the iittle 
plate between the eyes f while along the center of the depress- 
ed angle which they formed, ^ third ridge, equally flat with 
the others, ran toward the same point bf convergence firom the 
nape. The three ridged, when strongly relieved by a slant 
light, resemble not inadeqiiately an impression', on a large scale, 
of the Queen's broad arrow. . • 

The inner surface of the crtinial buckler of Asterdepis (fig. 
28), — that which rested on the cartilaginous box ^which form- 
ed the creature's inter^ior skull, — stands out in bolder relief 
from the stone than its outer surface, and forms a more pictu- 
resque object. Like the inner surfaces of the bucklers of Cbc- 
C09teu8 and PterMtkifS, but much mdre thickly than thdse, i^ * 
was trayersedbyminu^ chaneeled markings; somewhat redejp^ 
bling those strisB which may be detected in' the, flatter bon^ of . 
the ordinasy .fishes, and which seem in these to be ijpt^re inter- 
stices between the osseous fibers. And in the plates, is in the 
banes, they radiate from the centers of ossification, which are 
comparatively dense and massy, tovtard the thinner overlap- 
ping edges. These radiating lines are equally wdl markedin 
the cerebral bones of the h^maa fbtus. • The thre^ converging 
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ridges on the outer surface we find on the inner surfaoe abo,— - 
the lateral ones a little bent in the middle, but so directly op- 
posite those outside, that the thickening of the buckler which 

Fiff. 28. 




INNBR 8UBFACB OF CRANIAL BUCKIiBR OP ASTKROLKPll. 

(One-fifth nat. size, linear.) 

tallies place along their Jine is ^t least as much a ponseq^ieooe 
of their ioner as of their «outer elevation oyer the general plat-* 
form. A fourth bar *ran transversely along the nape, and 
fonned the« cross bcaiq on which the others rested; for the 
th^ee longitudinal ridges may be properly regarded as ^hree 
strong beams, which, extending j&om the transvjetse beam at 
the nape to the front^ wh^re they conv^ged like the spokes of a 
wheel at the navfe,.gave to the cranial roof a degree qf sup- 
port of which, from it^ great flatness, it^ay have sCood in need. 
In cranial bucklers in which tba average thickness of the plates 
does not exceed three eighth parts of an inch, their thickness .in 
the center of the ridges exceeds three quarters. The head of 
the largest crocodile of the existing period ^ defeiided by ap 
armature gi^^eatly less strong than that worn by the Asterol^pis 
of the Lower Old Bed Sancl^tone. . Why this ancient ganoid 
should have been so ponderously helmed we can but doubtfully' 
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gaess: we only know, that when nature arms her soldiery, 
there are assailants to be resisted, and a state of war to be 
maintained. The posterior central plate, the homologne appa- 
rently of the occipital bone, was curiously carved into an or- 
nate massive lea^ like one of the larger leaves of a Corin- 
thian capitol, and terminated beneath, where the stem should 
have been, in a strong osseous knob, fashioned like a pike- 
head. Two plates immediately over it, the homologues of the 
superior frontal bone, with the middle nasal plate which, perch- 
ed-atop in the middle, lay between the creature's eyes, resem- 
bled the head and breast in the female figure, at least not less 
closely than those of the ** lady in the lobster ;" the posterior 
frontal plates in which the 6uter and nether half of the eye- 
orbits were hollowed formed a pa*ir of sweeping wings ; and thus 
in the .center of the 'buckler we are presented with the figure of 
an angel, robed and winged, and of which the large sculptured 
leaf forms the body, traced in a siiyle in no degree more jude 
than we might expect to see exemplified on the Hchen-incrust- 
ed shield^of some ancient tombstone of that 'House of Avenel 
which bore as its arms the effigies of the Specter Lady. Child- 
ren have a peculiar knack in detecting such resemblances; and 
tihe discovery of the angel in the cranium of the AsteroUpis I 
owe to one of mine. 

It is on this inner side of the crdjiial buckler, where there tfre 
no such pseudo-joinings indicated as on the external surface, 
that the homologies of the piates of which it is composed can be 
best traced. It might be well, how;ever, ere * setting one's self 
to the work of comparison, to examine the -s&ulls of a few of 
the osseous fishes of our coasts, and to mark how very consid- 
erably they differ from one another in their lines of suture and 
their general form. The cerebral divisions of the conger-eel, 
for instance, are very unlike those of the haddock or whiting; 
and the sutures in the head of the gurnard are 'dissimilarly ar- 
rOiPged fthm those in the head of thef)crch. And after tracing 
the general type in the more anolnalous f6rms, and finding, with 
Cuvier, that in even these the "skull consists of ihe same.bones. 



Of THB ASTIBOUPIS. 



106 



though mnoh subdivided, as the skulls of the other yertebTata^'* 
we will be the better qualified for grappling with the not gl^ter 
anomalies which occur in the cranial buckler of the AsteroUpis. 
The occipital plate A, a, a (fig. 29), occupies its ordinary place 

Fig. 29. 
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opposite the center of the nape; the two parietals, B,Bi rest be- 
side it in their usuid ichthjic position of displacement; the supe- 
rior frontal we find ezisting,.as in th^ youn^ of many animals, in 
two pieces, C,. C; the nasal plate, I, .placed unmediately in ad- 
vance of it, is flanked, as in the cod, by the anterior trontaIs» D) 
D, the posterior frontals, •F,.F; which, when viewed,, as in the 
print, from beneath, seem of considerable size, and describe las 
teraily and posteriorly about one-half the eye-brbits, have .their 
area on the exterior surface greatliy .reduced by the ove^ding 
squamose sutures of the plates* to which they join ; and lastly, 
two of these pverlying plates, E, E, —which, dccwrring in the 
line of the lateral bar or beam„ are. of great strength and 
thiq^ness, and lie for • twot- thirds of th%ir length along the 
4^rietals, and for the remaining third afong the superior frdnthls, 
— r^resent the mastoid bones. @uc}i, so far at I hare been yet 
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able to read the oranial buckler of the AsterohpiSy eeem to be 
l^e homologies of its component plates. 

There were no parts of the animal more remarkable than its 
jaws. The under jaws, — for the nether maxillary consisted, 
in this fish, as in the placoid fishes, and in the quadrupeds gen- 
erally, of two pieces joined in the middle, — ^were, like those of 
the Hdoptychius, boxes of bone, which inclosed central masses 
of cartilage. The outer and under sides were thickly coyered 
with the characteristic star-like tubercles ; and along the upper 
margin or lip there ran a thickly-set row of small broadly-based 
teeth, planted as directly on the ^dge of the exterior plate as iron 
spikes on the upper edge of a gate (fig. 30). Mr. Parkinson ex- 

• Fig. 30.. 




POETIOn-^r UNBVR JAW or ▲flTBROLBPIS (OTTTBIl IIDB). 

(One-half nat. size). 

jfresses some wonder, in his work on fossils, th«t, in a fine ichthy- 
olite in the British Museum, not •only the te^ should haye 
been preseryed, but also the lips; but we now know. enough of 
the* construction of the ancient, ganoids to cease wonderifig. 
The Upfw€r& formed of as solid bone as the teeth themselyes; 
and had as fair a chance* 'cJf being presorted entire^ just as the 
metallic rirfl of a cogagd wheel has as fair a chance of feing pre- 
served as the metallic eo§is that project from it. . Immediately 
behind the front row, — ^in which* the- teeth present the ordinary 
ichthyic appearance, — th'ere' ran a *thickly-set row of huge rep" 
tile teeth, based on an interior* platform of bone, which formed 
the top 'of the cartUaffcJ-inolosing box composing the jaw.' 
The|e were at Once bent outward and twisted laterally/ some<> 
whiat Hke ftaHs tttat hay&been drawn out of wbo'd by the ^law 
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of a carpenter's hammer, and bent awry with the wrench (fig.31). 
They were farrowed longitudinally from point to base by mi- 
nute thickly-set strise; and were furnished laterally, in most of 
the specimens, though not in all, with two sharp cutting edges. 
The reptile had as yet no existence in creation; but we see its 
future coming symbolized in the dentition of this ancient gan- 

Fig. 31. 




PORTION OP UNDBR JA\^ 6p ▲STBKOLBPIS (INN^R SIOB). 
(Oqe-half naU size.) 

oid : it, as it wer§, shows us iAie<crocodile lying intrenched behind 
the fish. The ihteiior structure of these reptile teeth is Fery 
remarkable. In the longitTfdinal.seption we find numerous ean- 
celli^ ranged lengthwise along the outer edges, but much crosfted, 
net-like;, •within, — ^gteatly more open toward the bU'se than at 
the*point,-^and giving place in the center \o a hoHow space, 
oeijasionally traversed by a few slim-osseou? partitions. In the 
ftrausverse section these cancelli are found to radiate from the 
open center toward the circumference, lilie,<fcQ spokes of a 
wheel from the Aave; and each s^oke seems as if,^ like Aluron's 
rod, it- had become instincf with veg^ative life and had sprout- 
ed* into branch and blosst)m. Seen: Jn a microscope of limited 
field, that takes in, as in Hhe acooniip&nying print (fig. .32), Hot 
iliare than a fourth part 'of the section,* the appcaiance presented 
is that of a well- trained wall tree. And . hence the generic 
rfttmB Dendrodus; giveji by 'Professor Owen to teeth foun^ de- 
tached, in the deposits of Moray, when the creatures to which* 
they had belonged Were still unknown,— «a paipe, however,- 
which will, I suspect, btf fpund synonymous rather with that of 
a &mily than of a'geilus ; for, so far as I haVe yet examineid, I 
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find that the dendrodio or tree-like tooth was, in at least the 
Old Red Sandstone, a characteristic of all the Celadanth family. 
I may mention, however, as a cnrious subject of inquiry, that 



Fig. 32. 
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• «. B,^^.'!^. * ht Mag. twlve diamtUn.' * # 

the Celacanths of the Coal Measures seem to have had .their 
reptile teeth formed of pure ivory, — a subfitance which I kav« 

not yet detected among 
the. reptile-fish of tlm 
Old Ked. Toward the 
base of ^he*reptile teeth 
of AstetplepiSf the in- 
terstices between the 
branches gceatly widen, 
as in the branches of A 

A, a.cH.n<^ja^^AHiroUpis. *^®® ^" winter divcflted of 

«, RipiiU tooth a» skotim in »tcHmi. . ijbS foliage (fig. 33, ^; 

a, b, & c. Row ofichthpU Ueth in dsrmal plaU of ^^^ tCXturC alsO* OOOOB 
jaw. ^ ' * 

B, MagwifUd reprftttnmivn 9f ukth»it tuth» a tOWard tho- baSC .in thf 

•~'*»**^- * ' . ..JUh'teeth outside, in 

whiph, iiowe^rer, tb^ pattern in the transverse sectien is greatly 
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less complex and ornate tban that wbicb the reptile teeth exhib- 
it. When cut- across near the point, they appear each as a 
thick ring (b), traversed by lines that radiate toward the cen- 
ter; when ent across about half-way down, they somewhat re- 
semble, seen under a high magnifying power, those cast-iron 
wheels on which the engineer mounts his railway carriages (a). 
In the longitudinal section their line of junction with the jaw 
is marked by numerous openiags, but by no line of division ; 
and they appear as thickly dotted by what were once oanalicul^ 
or life-points, as any portion of the dermal bone on which* they 
rest. 

It seems truly wonderful, when one considers it, to what mi- 
nute and obscure ramifications that variety of .pattern which na- 
ture so loves to maintain is founct to descend; It descends in 
the fishes, bpth recent and extinct, to ey«n the microscopic struo* 
tore of their teeth;. and we find, in consequence, ftot less variety 
of figuiie in the sliced fragments pf ^the teeth of th^ ichthyolitM 
of a single* forapation,' thaa ip the carved blocks of an exten- 
sive calico print-yafd. ^aoh species has its* own distinct pat- 
tern, as if, in all the indi^uals of which it consist^^ the same 
block had been eniployed to stamp it; and each penus its own 
general type of pattern, as if the same radical idea, variously al- 
tered- and modified, had been wrought upon in all. In the Den^ 
drodic (Celacanth?) family, for instance, it is* the radical type, 
that from a central nave there should radiate, spoke-like, a 
number of arborescent branches ; but in the several genera and 
species of the family/ the branches Ibelong, if I tnay so express 
myself, to different shrubs, andp^eseflt dissimilar outlines. It 
has appeared to me, that at least a presumption against the 
transmutatiop of species might be based ^ those inherent pecu- 
liarities of structure .whiph . are thus found to pervade the eir« 
t^e textuve of the framework* of animals-. If we fin^ erections 
differing from one another merely i]i external forjn, we have no 
difficulty in conceiving how, by additigns and alterations, they 
might be brought to exhibit a perfect .uniformity of plan andl 
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use saeh terms), — seem posdble in sncli drdmnstaiioeB. But 
if the buildings differ from each other, not oYil j in external form» 
bnt also in every brick and beam, bolt and nail, no mere scheme 
of external alteration conld ever induce a real resemblance. 
Everj brick would have to be taken down, and every beam 
and bolt removed. The problem could not be wrought by the 
remodeling of an old house: the only mode of solving it would 
be by the erection of a new one. 

Of th& upper maxillary bones of the AiieroUpU, I only know 
that \ oonsiderable fragment of one of the pieces, recognized as 
such by Agassiz, has been found in the neighborhood of Thurso 
by Mr. 'BicS, unaccompanied, howevj^, by (^ny evidence respect- 
ii^ its pkceor fuiiction. It exhibits none of the characteris- 
tic tubercles of the dermal bones, and no appearance of teeth; 
but is sifnply a longHbent bqne, resembling somewhat less Ch^n the 
half of an andient bow of steel or hom,^-sueh a bow as tha^ 
whidi Ulysses bended in the presence of the sifitors. By some 
of the BuBsian geKdogists-this heme was at trst regarded us a 
portion of the arm or wibg of some gigantic PteruMya, In 
the accompanyiug print (ig. 34), I have bon'owed the general 

Fig. 34. • 
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(Oiw«foiirtlMiat. tice, UneU') • • . • 

outline^om that of a specimen of Professor' Asmtis, of which a. 
cast maybe seetiln the' British Museum; while the shaded pop- 
tibn represents the fragment found by Mr. Dick. The inter- 
maxillary bones, l&e bh^ dermal plates of the lower jaw, wwe 
sludded by star-tike tubercles, and bristled tlilckly along their 
loWer edges' with tk6' icBthyic teeth, flanked by teelh of the rep-' 
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INNER SIWrACE OF OPERCU- 
LUM OF ASTBR0LEPI8. 

(One-fifth nat. size, linear:) 



tilian character. The opetcnles of the animal consisted, as in 
the sturgeon, of single plates (fig. 85) of great massiyenes; 
and size, thickly tubercled outside, 
without trace of joint or suture, and 
marked on their under surface by 
channeled lines, that radiate, as in the 
other plates, from the center of ossi- 
fication. That space along the nape 
which intervened between the oper- . 
cules, was occupied, as in the Dipterus 
and Diplopiertc8, by tiiree plates, 
which covered rather the. anterios 
portion of the body than the posterior portion of the head,* and 
which, in the restoration of Ostedepis (fig. 13), appear as -the 
plates 9, 9, 9. I can say scarce anything regarding the lateral 
piktes which lay between the int^rmaxillaries and the cranial 
buckler, and ^hich exi^t in the Osteciepia (fig. 13), as the plates 
2, 4, 5, 6^ ^nd 7 ; nor do I know how the snout terminated, 
save that. in a very imperfect speoitien it exhibits, as in the 
XHplqpierus and Osteokpis, a roundest outline^ and was set with 
teeth. ' • 

That space coniprised within the arch of the fewer jaws, in 
^hich the hyoid bonp and brancMostegous rays of. the oSseons 
fishes occur, was filled by ,a single plate of great size and 
strength, Mid of singular form (fig. 36) ; and to this plate, *ez- 

• Fif . 39. 




RTOID PLiLjK. 
(One-ninth m^tnral sizf , linear.) 



isting as a steep ridge rukining along th6 oentev of the*interfor 
81^08, and thickening into a* massy loiob at the. antoior ter-^ 
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mination, that nail-shaped organism, which I have described 
fM one of the most characteristic bones of the Atterol^ns, be* 
longed. In the OsteolepU, the space corresponding to that 
occupied by this hjoid plate was filled, as shown in fig. 14, by 
fiye plates of not inelegant form ; and the divisions of the arch 
resembled those of a small Gothic window, in which the single 
central mullion parts into two branches atop. In the Edop^ 
tychxtLs and Olyptdepis there were bnt two plates; for the cen- 
tral mullion, L e, line of division, did not branch atop ; and in 
the Asterdepis, where there was no line of division, the strong 
nail-like bone occupied the place of l^e central mullion. The 
hyoidal armature of the ktter fish was strongest in the line in 
irhiijh the others were weakest. Each of the five hyoid plates 
of the Ostedepis; or of the two plates of the Qlyptdepia or 
HdoptyckiuSy had its own center of ossification ; and in the 
single plftte of Asterdepis^ the center of ossification, as shown 
by the radiations of the fiber, wns. the 92at/-heacL This head, 
placed ih ilnmediate contact wit)i the strong boxes of bone 
which composed tlje under jaw, just where their central joining 
occurred, seemis to have Ifent them a con- 
siderable degree of support, which, at such 
a juncture may have been* not unneQC^fitfry. 
In some of the nail-hea'ds, belonging, it i« 
^probable, to a different species of AsterdepiB 
from that in which tSe nail figured in page 
7, and the plate in the opposite page, oc- 
curred, — for its general form is different (fig. 
,37),^-^fhere appear Y^ell-marked ligamenta- 
ry impressions, closely resembling that little 
.spbngy pit in the head x>f the human thigb- 
bone to Whieh what i^ fermed.the round 
Egament is attached. 7he entire hyoid- 
plate, viewed -^ on 'its outer side,' resembles 
in form tlie hyoid-bone, — or cartilage rather, 
— of the spbtted dog-fish {ScyUium^eUare) ; 
blat iti} area waiti at least ahtilid^ timea more extensive than 
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in the krgest ScyUium, and, like &I1 the dermal plates of the 
Aiterolepis, it was thickly fretted by the characteristic tnber- 
oles. In the Ray, as in the Sharks, the piece of thin cartilage 
of which this plate seems the homologue, is* a flat, semi- trans- 
parent disc ; and there is no part of the animal in which the 
progress of those bony molecules which incrust the internal* 
framework may be more distinctly traced, as if in the act of 
creeping oyer what they cover, in slim threads or shooting 
points, and much resembling new ice creeping in a firosty eyen- 
ing oyer the surface of a pool. 

That suite of shoulder- bones that in the osseous fishes forms 
the belt or frame on which the opercules rest, and furnishes 
the base of the pectorals, was represented in ihe, AsterotepU^ 
as in the sturgeon, by a ring of "strong osseous plateS, which, 'in 
on^ of the two species of which trace is to be found among the 
rocks of Thurso, were curiously fretted on their eztenfal sur- 
faces, and in the other species comparatiyely sfnooth. The 
largest or ' coracoidian plate of the ring, as it dbcftrs in th« 
more<nmate 8pel5ies(fig. "SS); migtft be r€fadily enough mista- 
• .♦ 

Fig. 38. 




• , SHOFLDSR («. e. CORACOID?) PLATE OP ASTCROUlPIS. 

, ' * (One-third natural size, linear.) 

Kan, when seett with only its surface exposed, for the ichthyo* 
dorulite of some large fish, allied, mayhap, to the tStyracarUkua 
formosus ot the Coal Measures ;• but when detached from the 
stone, the hollow form and peculiar strise t)f the inferior sur- 
face serve to esrablish Its true character as a dermal plate. 
The diagbnal furrowings wHich • traversed it, as ' the twisted 
flntdngs traverse a Gothic column molded iftet the type of the 
^Apprentioe Pillar ift Roslizi chapel, iSeem to haiye underlaid the 
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edge of the opercnle ; at least I find a similar arrangement in 
the shoulder-plates of a large species of Diplopterus, which are 
deeply grooyed and furrowed where the opercule rested, as if 
with t^e design of keeping up a communication between the 
branchiae and the external element, even when the gill-cover 
* was pressed closely down upon them. And, — as in these shoul- 
der-plates of the Diploptenis, the furrows yield their place be- 
yond the edge of the opercule to the punctulated enamel com- 
mon to the outer surfs^ce of all the creature's external plates 
and 6(fales, — we find them yielding their place, in the shoulder- 
plates of the Aaterclepisy to the starred tubercles. 

A few detached' bones, ihat bear on their outer surfaces the 
dermal markings, must have belonged to that angular-shaped 
portion of the he^d which intervened between the cranial 
bjuckler and the intermaxillary bone ; but the key for ^signing 
tflrthem their proper place is still to find; and I suspect that 
no amount of skill on the part of the comparative -aufitomist 
will ever ^ua^ify him to complete the work of restoration with- 
out it. . I have submitted to the reader the cranial btucklers of 





DBRMA.L BOMBS OP ASTBSOLBPIS. # 

(One>third natnriU <lze, linear.) 



five several genera of the ganoids of the Old Red Sandstone^; 
but no amiount qf study bestowed on t)^ese wpuld enable efon 
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the most skiUM ichthyologist to restore a sixth; nor is the 
lateral area of the head, which was, I find, variously occupied 
in each genus, less difficult to restore than the buckler which 
surmounted it. Two of the more entire of these dermal bones 
I have figured (fig. 39, a and 5), in the hope of assisting future 
inquirers, who, were they to pick up all the other plates, might 
yet be unable, lacking the figured ones, to complete the whole. 
The curiously-shaped plate b, represented in its various sides 
by the figures 1, 2, 3, is of an acutely angular form in the 
transverse section (the external surface, 1, foritiing an angle 
which varies from thirty to forty-five degrees with the base, 3); 
and as it lay,' it is probable, when in its original place, immedi-* 
atelv under the edge of the cranial l>ackler, it may have served 
to commence the line of deflection from the flat top of the 
head to the 'steep descent of the sides, just as vhat*are techni- 
cally termed the ir^r-stones in a gable-head «etve to com- 
mence the line of deflection from the vertical otftline of th^ 
wall to the inclined line of the roof, ovas the spring-stones of 
an arch serve to commence the curve. A few internal bonea 
in my possession are cuiious, but exceed- 
ingly ptzding. The bene a, fig. 40^ which ^ ^^'' ^' 
lesembles -a rib, or branehiostegous cay^ of • 
one of the ordinary fishes, formed appa- 
rently part of that' osseous style wbicb, in 
fishes such as the haddock and cod, we. 
find attached to the suite of shoulder- 
bones, and which, aocording to CiTTiep, is 
the analogue of the coracoidian bone, and, 
aocording toProfpssor Owen, the analbgne 
of the clavicle. Fig. 5 is a mere fragment, ^^miomu **'* 
Iroken at both ends, bat exhibiting, in It (On«.haif nat. su«,iin.^ 
state of gQod keeping, lateral expandons, like thtse* of an an- 
cient halbert. Fig. (;,*41,. Which is also a fragment, though a 
more* considerable one, bears in its thicke^r and straighter edge 
a' groove* like that of an ichthyodorulite, which,*however, the 
bancr itself *in no degree resembles. Fig. <2 is a &#. bone^ of a' 
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type oommon in the skeleton of fishes, bnt which in mamnmlff 
we find exemplified in but the scapulars. It seems, like these, 
to hate furnished the base to which some suite of movable 

Fig. 41. 




limilHlL BOtBS r>V ▲8TCROI.KPI8. ^ • 

(Ont'third natural sUm, ^near.) 

bones was articulated,— in all, likelihood that prep<»rtion o£ 
the carpal bonelets of the.peetoral fins which are attached in 
the osseous fishes to its apparent homologue, the radius. Fig. 
By « slim light bone, whisfa narrows and thickens in the centto, 
and flattens and broadens at ea<Sh end, was probably a scapula 
or shoulder-blade, — a bone whieh, in most fishes, splices on, sa 
a sailor would say, by squamose jointings, to the coracoidiam 
bone at the one end, and the super-scapular bone at the other. 
As indicated by its size, it must have belonged ta a small indi- 
vidual : it is, however, twice as long, and about six t^ea as 
bulky, as the scapula' of a large cod. ; . 

Of the bote represented in fig. 4% I have determined^ Irom 
a C]:oma^y^ specimen, the place and use : it Termed the interior 
base to which one qf thd ventral fins wi^s attached. In fiXk 
fidies* the booths of th^ hinder extremities are Inade^foateiy 
reprM«iit0d<« in none do we find tl^e pelvic arch'oonpiei&; and 
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to that nether portion of it which we do find represented, and 
which Professor Owen regards aa the homologue of the oa 
ischium or hip-bone, the homologues of the metatarsal and toe- 
Fig. 42. 




ISCHIUM OP ▲STEROLEFIS. 

(One-half natural size, linear.) 

bones are attached, to the exclusion of the bones of the thigh 
and leg. In the Abdominales, — fishes such as the salmon and 
carp, — ^that have'' the ventrals placed behind the abdomen, in 
the position analogous, to that in which the hinder legs of the 
reptiles and mammals occur, the ischiatic bcwies generally exist 
as flat triangular plates, with their iieads either turned inward 
and downward, as in the fiertring, or outward and ddWnward, as 
in the pike; whereas, in some of the> cartilaginous fishes, such 
as the Bays and Sharks, they exist as an undivided cartilagin^ 
ous band, stretched transversely from ventral to ventral. And 
such, with but an upward direction, appears to haVe been their 
position in the Asterdepis. 'They seem to have united at the 
narrow neck A, over the middle of the lower portion of the 
abdomen*; and to the notches of the flat icxpansion B*, — notches 
which exactly resemble those of lihe immensely developed car- 
pal bones of the Ray, — five metatarsal pones were attached, 
&om which the fin expanded, tt is interesting to find the 
number in this ancient representative of *tleVertebrata re- 
stricted to ,5.Ye, — a^ number greatly exceeded in most of the 
existing, fishes, but which is the true normaU number of'\he 
vertebrate sub-kingdom, as shown in all the higher examples, 
such ashman, the qtuxdrumana, and in mo%t of ihfcanra^. 
The forcft rf this bonft somewhat resembles that of the analo- 
gous bone in those fishes, sttoh as' the pevoh and gurnard, cod 
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vnd haddock, which had their ventrals snspended io Ihe scApu-* 
lar belt ; bat its position in the Cromarty specimen, and tha^ 
of the ventrals in the vArious specimens of the Celacanth familj 
in which their place is still shown, forbids the supposition that 
it was so suspended, — a circumstance in keeping with all the 
existing geological evidence on the subject, which agrees in 
indicating, that of the low type of fishes that have, monster- 
like, their feet attached to their necks, the Old Rod Sandstone 
does not afford a trace. This inferior type, now by far the 
most prevalent in the ichthyic division of the animal kingdom, 
does not seem to have been introduced until near the close of 
the Secondary period, long after the fish had been degraded 
from its primal place in the fore-front of creation. In one of 
n^j specimens a few fragments of the^ays 
_ ' are. preserved (fig. 43, 5). They are about 

^^ •* the eighth- part of an inch in diamejer ; de- 

'^^^ .pressed in some cases in the cente;, as i( 

.. ^^^ ^ over tho internal hollow f(*med by the de- 
(Kf T^Mrft«€k. cay of the cfirtnaginous .center^ the bony 
nf AH$ToUpi». cru%t o{ which they are composed hg-d given 
way ; and, like the rays of the thornback, they ara thickened 
at the joints, and*at the processes by which they were attached 
to the isohiatic base. Jt may be proper, I should here state, 
that of soma of the internal bones figured above I have no 
better evidence that they belonged to the Asterolepia, than that 
they, occur in the «amQ bed§ with the dermal plates which bear 
the characteristic ^tar-like markings, — ^that they are of Very 
considerable size, — apdthat they formed ^o. part of the known 
fishes of the formation. 

On exactly Ifhcf same grounds I ii^fer, that certain large co- 
prolites of coipmon ocaurreQce in the Thurso, flagstones, which 
contain the broken scales of Bipterians, and exhibit a curiously 
twisted form (fig. 44), also belonged to the AsterolepiSf and from 
thfise, thftt the creature was carnivorous in its habits. — an in- 
ference which the ch^uracter of its teeth fydly oorrobqrates; and 
fartheiv tfaiCt, like the sharks and rays, and some of the extinct 
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eoalioBanrs, ifc possessed the spiral disposition of intestine. 
Palej, in his chapter on the compensatory contrivances palpabk 
in the structure of yarions animals, refers to a peculiar substi- 

Fig 44. 




COPROLmS OP AffrKROLBPU. 



(Nat. size.') 

tutorj provision which occurs in a certain amphibious animal 
described in the Memoirs of the French Academy. "The 
reader will remember," he says, " what we have already ob- 
served concerning the intestinal canal, — that its length, so many 
times exceeding thatqf the bo8y, promotes the extraction of the 
chyle frtifi Ihe aliment, by giving room for the lacteal vessels 
to act upon it through a greater space. This long intestine, 
whenever it occurs, is in other animals disposed in the abdo- 
men from side to side, in returning fglds! But in the animal 
now under our notice^ the matter in managed otherwise. The 
same intention is mechanically effectuated, but by a mechanism 
of a different kind. The animal of which I speaJc is an am- 
phibious quadruped, which our authors call . the alopecias or 



* One of the Thtireo coprolites in my possession is ^ibout one-fourth 
longer than the larger of the two specimens %ared here, and nearly 
thrice a» broad. 
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sea-foz. The intestine is straight from one end to the other ; 
but in this straight, and consequently short intestine, is a 
grinding, cork-screw, spiral passage, through which the food, 
not without several circumvolutions, and in fact, by a long 
route is conducted to its exit. Here the shortness of the gut 
is compensated by the obliquity of the perforation." This 
structure of intestine, which all the true placoids possess, and 
at least the Sturiones among existing ganoids, seems to have 
been an exceedingly common one during both the Palaeozoic 
and Secondary periods. It has left its impress on all the bet- 
ter preserved coprolites of the Coal Measures, so abundant in 
the shales of Newhaven and Burdie House, and on those of the 
Lias and Chalk. It seems, to be equally a characteristic of 
well nigh all the bulkier coprolites of Ihe Lower Old Red 
Sandstone.'!' In these, howdver, it manifests a peculiar trait, 
which I have failed to detect in any of, the recent fishes ; nor 
ha^e I yet seen it indicated, in at least the same degree, by 
the Carboniferous or Secondary coprolitic renlains. 'In the 
bowels which molded the coprolites of Lyme-Begis, of the 
Chalk, and o*f the N.ewhaven and Granton beds, a single screw 
must have winded within the cylindrical tube, as a turnpike 
stair winds within its hollow shaft; and such also is the arrange- 
ipent in the existing Sharks and Rays ; whereas the bowels 
which molded the coprolites of the' Lower Old Red Sandstone 
must have been traversed by triple or quadruple .sQrews laid 
closely together, as we find the stalk of an old-fashioned wine- 
glass traversed by its thickly- set spiral lines ,of thread-like 
china. And so, ^hil§ on the surface of both the Secondary 
and Carboniferous coprolites there is space between the screw- 
like lines for numerous oross markings that correspond to the 

, Willi 

*^n two of these, in a collection of several score, I have failed to de- 
tect the spiral marl£in|rs, though their 8tate*of keeping is decidedly good. 
There are other appearances which lead me to saspect that the AtterhU' 
JIM Was not ^e only large fish of the Lower-Old j^d Sandstone; but my 
facts on the subject are ^o inconclusive to justify aught mora than sed- 
ulotti inquiry. 
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thickly set veiny branches which traverse the sides of the re- 
cent placoid bowel, the entire surface of the Lower Old Red 
coprolites is traversed by the spiral markings. Is there nothing 
strange in the fact, that after the lapse of mayhap millions of 
years, — nay, it is possible, millions of ages, — ^we should be thus 
able to detect at once general resemblance and special dissimi- 
larity in even the most perishable parts of the most ancient of 
the ganoids? 

I must advert, in passing, to a peculiarity exemplified in the 
state of keeping of the bones of this ancient ganoid, in at 
least the deposits of Orkney and Caithness. The original ani- 
mal matter has been converted into a dark- colored bitumen, 
which in some places, where the remains lie thick, pervades the 
crevices of the rocks, and has not linfrequently been mistaken 
for coal. In its more solid state it can hardly be distinguished, 
when used in sealing a letter,-!— a purpose which it serves indif- 
ferently well, — from black wax of the ordinary quality; 
when more fluid, it adheres scarce Jess strongly to the hands 
than the coal-tar of our gas-works and dock-yards. Under- 
neath a speoimen of Asterdepis, first pointed out to me in its 
bed among the. Thurso rocks by Mr. Dick, and which, at my 
request, he afterward raised, and sent qae to Edinburgh, packed 
up in a box, there lay a quantity of thick tar, which stuck as 
fast to my fingers, on lifting out the pieces of rock, as if« I had 
laid hoU .of the planking of a newly tarred yawl. What had 
been once the nerves, muscles, and blood of this ancient ganoid, 
still lay under its bones, and reminded me of the appearance 
presented by the remains of a poor suicide, whose solitary grave, 
dug in a sa^dy bank in the north o£ Scotland, had been laid 
open by the encroachments of a river. The skel6ton, with 
pieces of the dress still wrapped round it^ lay at length along 
the section : and, for a full yard beneath, the white dry sand 
was consolidated into a. dark-colored pitchy moss, by the al- 
tered animal matter which had escaped from, it, percolating 
downward, in the process 9f decay. 

In consequence of the curious chemical change which has 
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thus taken pkoe in the animal jnioes of the Asterolpeis, its te- 
mains often occur in a state of beantifol preservation; the 
pervading bitumen, greatly more conservative in its effects than 
the<nls and gums of an old Egyptian undertaker, has maintained, 
in their original integrity, every scale, plate, and bone. They 
may have been much broken ere they were first committed to 
the keeping of the rock, or in disentangling them from its rigid 
embrace ; but they have, we find, caught no harm when under 
its care. Ere the skeleton of the Bruce, disinterred after the 
lapse of five centuries, was re-committed to the tomb, such 
measures were taken to- secure its preservation, that, were it to 
be again disinterred, even after as many more centuries had 
passed, it might be found retaining unbroken its gigantic pro- 
portions. There was molten pitch poured over the bones, in a 
state of sufficient fluidity to permeate all the pores, and fill up 
the central hollows, and which, soon hardening around them, 
(armed a bituminous matrix, in which they may lie \inchanged 
for a thousand years. Now^ exactly such was the process to 
which nature resorted with these gigantic skeletons df the Old 
Sed Sandstone. Like the bones of the Bruce, tBey are boned 
steeped in pitch ; and so thoroughly is every pore and hollow 
stiil occupied, that, when cast into the fire, they fiame like 
torches. Though black as jet, they still retain too, in a con- 
siderable degree, the peculiar qudlittes of J}he original substance. 
The late Mr. George Sanderson of Edinburgh, one of thefmdst 
ingenious lapidaries in the kiqgdonf, and a thoroughly intelli- 
gent man, made several preparations for me for microscopic e^- 
aininf.tion, from the teeth and bohes ; and though they w^re 
by far the oldest vertebrate remains he had .ever seen, they 
exhibited, he informed me, in the working Aiore of the charac- 
teristics of recent teeth and bone than any other fossils of the 
kind he had ever operated upon.. Recent bone, when in the 
course of being reduced on the wheel to the degree of thin- 
ness necessary to secure transparency, is apt, under the • heat 
induced by the friction, to acquire a springy elasticity, and to 
start up &om the glass slip to which it had been cemented ; 
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whereas bone in the fossil state usually lies as passive, in such 
cireumstances, as the stone which envelopes it. Mr. Sander- 
son was, however, surprised to find that the bone of the Aate- 
rolepis stili retained its elasticity, and was scarce less liable 
when heated, to start from the glass, — a peculiarity through 
which he at first lost several preparations. I have seen at hu- 
man bone which had for ages been partially imbedded in a 
mass of adipocere, partially enveloped in the common mold 
of a churchyard, exhibit two very dififerent styles of keeping. 
In the adipocere it was as fresh and green as if it' had been 
divested of the integuments only a few weeks previous; whereas 
the portion which projected into the mold had become brittle 
and ]{orous, and presented the ordinary appearance of an old 
churchyard bone. And what the adipocere had done for the 
human bone in this case, seems to havQ been done for the bone 
of the AateroUpis by the animal bitumen. 

The size of the AsteroUpU must, in the larger specimens, 
have been very great. In all those ganoidal fishes of the Old 
R^d Sandstone that had the head covered with osseous . plates, 
we find that the cranial buckler bore it certain definite propor- 
tion, — ^varidus in the several genera and species,-<-to the length 
of the body. The drawing-master still teaches his pupils to 
jregulate the proportions of the human figure by the seven head- 
lengths which it contains ; and perhaps shows them how an 
otherwise meritorious draftsman,* much employed abqut half 
an age ago in drawing for the wood-engraver, used to render 
his figures squat and* ungraceful by making them a head too 
short. Now, those ancient ganoids which possessed a cranial 
buckler may, we find, be also measured by head-lengths. 
Thus, in the Coccosteus dedpiens, the length of the cranial 
buckleir ifrom nape to snout equaled one-fifth the entire length 
of the creature from snout to tail. The entire length of the 
GlyptoUjna was equal to about five one-half tis^es that' of its 
cranial buckler^ The Pterichthys was formed in nearly the 

• The late Mr. John Thuraton. 
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I proportions. The Diplopterus was folly seyen times the 
length of its bnckler; and the Osteolepis from six and a half to 
seven. In all the cranial bucklers of the AsteroUpis yet found, 
the snout is wanting. The very fine specimen figured in page 
103 (fig. 28), terminates abruptly at the little plate between 
the eyes; the specimen figured in page 101 (fig. 27), termi- 
nates at the upper line of the eye. The terminal portion 
which formed the snout is wanting in both, and we thus lack 
the measure, or module, as the architect might say, by which 
the proportions of the rest of the creature were regulated. We 
can, however, very nearly approximate to it. A hyoid plate 
in my collection (fig. 45) is, I find, so exactly proportioned in 
s&e to the cranial buckler (fig. 28), that it might have bplong- 

Fig. 45. 




HTOID PLA.TB OF THURSO ASTEKOLBPU.* 

(Ooe-fifth the nat. size, linear.) 

ed ^0 the same individus^l; and by fitting it in its proper place, 
and then making the necesi^ary allowance for the breadth of the 
netbor jaw, which swept two-thirds aroui^d it, and was sur- 
mounted by the snout, w'e ascertain that the buckler, when en-, 
tire, must have been, as nearly as may be, a foot in length. 
K the Asterolepis was formed in the proportions of the Coccos- 
teuSj the buckler (fig. 28), must have belonged to an individual 
five feet in length ; if in the proportions of the PtericJuf^ys or 
Olyptolepis, to an individual five and a half feet in lerfgth ; 

''I The* shaded plate (a), accidentally presented in this epecimeif, belongs 
to the upper part of the head. It is the posterior frontal plate F, which 
half-encircled the eye-orbit (see fig. 29); and I have introduced it into the 
print here, as in none o/ the other prints, oc of my other specimens, is 
its upper surfaoe shown. 
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and if in those of the Diplopterus or Osteolepis, to an indiyidn- 
al of from siz and a half to seyen feet in length. Now I find 
that the hyoid plate can he inscrihed, — sneh is its form, — in a 
semicircle, of which the nail-shaped ridge in the middle (if we 
strike off a minute portion of the sharp point, usually wanting 
in detaching specimens), forms very nearly the radius, and of 
which the diameter equals the hreadth of the cranial buck- 
ler, along a line drawn across at a distance from the nape, eqmal 
to two- thirds of the distance between the nape and the eyes. 
Thus, the largest diameter of a hy6id plate which belonged to 
a cranial buckler a foot in length is, I find, equal to seven one- 
quarter inches,*while the length of its nail somewhat exceeds 
three five-eighth. inches. The nail of the Stromness specimen 
measures five and a half inches. It must have run along a hyoid 
plate eleven incl^es^in transverse breadth, and have been associat- 
ed with a cranial buckler eighteen one-eighth inches in length; and 
the Aaterdtpis to which it belonged musthave measured from snoot 
to tail, if formed, as it probably was, m the proportions of its 
brother. Celacanth the Olyptdepis, eight feet three inches ; and 
if in those of the Diplopterus, from nine feet nine tp ten f§et siz 
inches. This oldest of Scottish fish, — this earliest-born of the 
ganoids yet known, — was at least. as bulky as a large porpoise. 
It was^small, however, compared with specimens of the Aster^ 
olepis found elsewhere. The hyoid plate figured in page 111 (fig. 
36), — a Thurso specimen which I owe to the kindness of Jtr. 
Dick, — measures nearly fourteen inches, and the cranial buckler of 
♦ the same individual, fifteen one-fourth inches, in breadth. The 
latter, when, entire, must have measured twenty- three one-half 
inches in length; and the fish to which it belonged, if formed 
in the proportions of the Olyptolepis, ten feet six inches,; and if 
in those of the Diplopterus, from twelve' feet five to thirteen feet 
eight inches in length. Did the shield still exist in its original 
state ai3 a buckler of tough, enamel- crusted bone, it might be 
converted into a Highland target, nearly broad enough to cover 
the ample chest 9f a Rob Roy or Alan M'Aulay, and stit)ng 
enough to dash aside the keenest broadsword. Another hyoid 



120 (BTftPCTUBB 

pkte found by Mr Diok measures sixteen one-lialf inches 'ia 
breadth; and a oast in the British Museum, from one of the 
Bussian specimens of Professor Asmus (fig. 46), twenty-four 
inches. The individual to which this last plate belonged must, 
if built in the shorter proportions, have measured eighteen, 

Fig. 46. 




BTOIO PLATB or RUSSIAM ASTBROLKPIS. 

(One-twelfth the nat lize, linear.) 

and if in the longer, jbwenty-three feet in length. The two 
hyoid'plates* of the specimen of Eoloptychius in the British Mu- 
seum measure but four and a half inches along that transverse 
Hne m which the Russian Asterolepis measures two feet, and 
the largest Thurso specimen sixteen inches and a hdlf. The 
maxillary bone o? a cod-fish two and a half feet from snout ta 
tail measures three inches in length. One of the Bussian maxil- 
lary bones in the possession of Professor Asmus measures in 
length 'twenty-eight inches. And that space circumscribed by 
the sweep of the lower jaw which it took, in the Russian speci- 
men, a hyoid plate twenty-four inches in breadth to fiH, could 
be filled .in the two-and-a-half- feet cod by a plate whose 
breadth equally but an inch and a half. Thus, in the net Un- 
important circumstance of size, the most ancient -ganoids yet 
known, instead of taking their places, agreeably to the demands 
of the development hypothesis, among the sprats, sticklebacks, 
and minnows of their class, took their placd among its huge 
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basking Bh&rks, gigantio sturgeons, and bulky sword-fishes. 
They were giants, not dwarfs. 

Bat what of their organization ? Were they fishes low or 
high in the scale ? On this head we can, of coarse, determine 
merely by the analogies which their straotare exhibits to that 
of fishes of the existing period; and these point in three several 
directions ; — ^in two of the namber, directly on genera oi^ the 
high ganoid order; and in the third, on the still higher phicoids 
and enaliosaors. No trace of vertebrae has yet been foand; and 
80 we infer, — lodging, however, a precautionary protest, as the 
evidence is purely negative, and therefore in some degree incon- 
diisive, — that the verteteal colamn of the Asterolepis was, like 
that of the sturgeon, cartilaginous. Bespeotiag its.«ext6mal 
covering, we positively know, as has been already shown, that, 
like the LepicUmtem of Amerioa and the Folt/pterus of the-Nile, it 
was composed of strong plates and scales of solid bone; and, 
regarding its dentition, that, as in these last genera, and even 
more decidedly than in these, it was of the mixed ichthyic-rep- 
tilian character, — an outer row of thickly- set fish teeth being 
backed by an inner row of thickly-set reptile-teeth. And its 
form of coprolite indicates the spiral disposition of intes- 
tine common to the Rays and Sharks of the existii^ig period, 
• and of the Ichthyosauri of the Secondary ages. Instead of be* 
ing, as the development hypothesis would require, a fish low 
in its organization, it seems to have ranged on the level of the 
highest iehthyic-reptilian families ever called into existence. 
Had an intelligent being, ignorant of what was going on upon 
earth during the week of creation, visited Eden on the morning 
of the sixth day, ho would have found in it many of the inferior 
animals, but no trace of man. Had he returned again in^the 
evening, he would have seen, installed in the office of keep- 
ers of the garden, and ruling with no tyrant sway as the humble 
monarchs of its brute inhabitants, two mature human creatures, 
perfect in their organization, and arrived at the full stature of 
their race. The entire evidence regarding them, in the absence 
of all sooh information as that imparted to Adam by Milton's an- 
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gel, would amount simply to this, that in the morning man tocu 
notf and that in the evening he toas. There, of course, could 
Bot exist, in the circumstances, a single appearance to sanction 
the belief that the two human creatures whom he saw walk- 
ing together among the trees at sunset had been " dei|ploped 
from infusorial points," not created mature. The evidence 
woi^d, on the contrary, lie all the other way. And in no de- 
gree does the geologic testimony respecting the earliest G-an- 
oids differ from what, in the supposed case, would be the 
testimony of Eden regarding the earliest man. Up to a certain 
point in the geologic scale we find that the Ganoids are not; 
and when they at length make their appearance upon the stage, 
liiey enter, large in their stature and high in their organization. 
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nSHES OP THE SILURIAN ROCKS-UPPER AND LOWER. 

THEIR RECENT HISTORY, ORDER, AND SIZE. 



But the system of the Old Red Sandstone represents the 
second, not the/r«/, great period of the world's history. There 
was a preceding period at least equally extended, perhaps 
greatly more so, represented by the Upper and Lower Silurian 
formations. And what is the testimony of this morning peribd 
of organic existence, in which, so far as can yet be shown, , 
vitality in the planet which man inhabits, and of whose history 
or productions he knows anything, was first associated with 
matter ? May not the development hypothesis find a standing 
in the system representative of this earliest ag^ of dreation, 
which it fails to find in the system of the Old Red Sandstone ? 

It has been confidently assorted, Hot merely that it may, but 
that it does. Ever since the publication, in 1839, of Sir Rod- 
erick Murohison's great work on the Silurian System, it had 
been known that the remains of fishes*occur in a bed of the 
"Ludlow Rock,"--rone of the most modern deposits of the 
Upper Silurian division; and subsequent discoveries, both in 
England and America, had shown that even the bttse of tMs di- 
vision has its ichthyic organisms. But for year after year, the 
lower .half of the systtem, — a division • more than three thou- 
sand feet in Aickness, — hadiiildd, though there were hands and 
eyes busy among its deposits, to yield any vertebrate remains. 
During the earlier half of the first great period of organic ex- 
istence, though the polyparfa, radiata, articulata, and uollusca, 
ezifited, as their remains testified, by myriads, fish had, it was 
held, not yet entered upon the scene, 'and the assertors of the 
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development theory founded largely on the presumed fact of 
their absence. '* It is still customary/' says the author of 
the " Vestiges of Creation," in his volume of " Explanations," 
"to speak of the earliest fauna as one of an elevated kind. — 
When ngidly examined, it is not found to be so. In the fibst 
PLAGE, IT contains NO FISH. There were seas supporting crus- 
tacean and moUuscan life, but utterly devoid of a doss of tenants 
who seem able to live in every example of that element which sup- 
ports meaner creatures. This single fact, that only invertebra- 
ted animals now lived, is surely in itself a strong proof that, in the 
course of nature, time was necessary for the creation of the supe- 
rior creatures. And if so, it undoubtedly is a powerful evidence 
of sue!) a theory of development as that which I have present- 
ed. If not, let me hear an equally plausible reason for the 
gr^at and amazing fact, that seas were for numberless ages 
. destitute of fish. I fix my opponents down to the considera- 
tion of this fact, Bo4;hat no diversion respecting high molluscs 
shall avail them." * And how is this bold challenge to be met? 
Most directly, and after a fashion that at once discomfits the 
ohaSlen^r. • 

It might be rationally enough argued in the case, that the 
author of the '' Yestigcs " was building greatly more on a 
piece of purely negative evidence, the presumed absence of 
fish from the Lower Silurian formations, — than purely negative 
evidence is, from its nature as such, suited to bear ; that only 
a few years had passed smce it was known that vertebrate re- 
mains oocured in the Upper Silurian, and only a few more sinc^ 
they had been detected in the Old Red Sandstone ; nay, that 
within the present century their frequent occurrence in even 
the Goal Measures was scarce suspected; and that, as his ar- 
gument, had it been founded twelfe years agd on the supposed 
absence of fishes from the Upper Silurian, or twenty years ago 
on the supposed absence^ of fishes from the Old* Red Sand- 
stone, would have been quite as plausible in reference to its 
negative data then^as to* its negative data now, so it might now 
be quite m erroneous «8 it assuredly would have been then. — 
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Or it m^ht be urged, that the fact of the absence of fish from 
the Lower Silurians, even were it really a fact, would be in no 
degree less reconcilable with the theory of creation by direct 
act, than with the hypothesis of gradual development. The 
fact that Adam did not exist during, the first, second, third, 
fourth, and fifth days of the introductory week of Scripture 
narrative, furnishes no argument whatever against the fact of 
his creation on the sixth day. And the remark would of course 
equally apply to the non-existence of fishes during the Lower 
Silurian period, had they been really non-existent at the tune, 
and to their sudden appearance in that of the Upper. But 
the objection admits of a greatly more conclusive answer. ''I 
fix my opponents down," says the author of the " Vestiges,** 
" to the consideration of this fact," i. e, that of the absence of 
fishes from the earliest fossiliferous formations. And, I, in 
turn, fix you down, I reply, to the consideration of the antag- 
onist fact, not negative, but positive, and now, in the course of 
geological discovery, lElilly established, that fishes were not ab- 
sent from the earliest fossiliferous formations. From none of 
the great geological formations were fishes absent; not even 
firom the formations of the Cambrian division. " The Lower 
Silurian," says Sir Roderick Murchison, in a communication - 
with which, in 1847, he honored the writer of these chapters, 
" is no longer to be viewed as an invertebrate period ; for the 
Vfickus (species not yet decided) has been found, in the Llan- 
fleila flags and in the Lower Silurian rocks of Bala. In one re- 
spect*! am gratified by the discovery ; for the form is so very 
like f hat of the Onckus Murchisom of the Upper Ludlow 
rock, that it ia.elear the Silurian system is one great natural- 
history series, as is proved, indeed by all its other organio re- 
mains." It may be mentioned further, in 'addition to this in- 
teresting statement, that the Bala spine was detected in its cal- 
careous matrix by the geologists of the Government Survey, 
and described to Sir Roderick as that of an Onchus^ by a very 
competent authority in such matters, — ^lE^ofessor Ed'sfard 
Forbes: and that ^e annunciation of the existence of spines 
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of fishes in the Llandeilo Flags we owe to one of the most 
cantious and practiced geologists of the present age, — ^Pro- 
fessor Sedgwiok of Cambridge. 

So much. for iho/act of the existence of vertebtata in the 
Lower Silurian formations, and the argument founded on their 
presumed absence. Let me now refer, — their presence being 
determined, — to the tests of size and organization. Were 
these Silurian fishes of a bulk so inconsiderable as in any degree 
to sanction the belief that they had been doveloped shortly be- 
fore from the microscopic points ? Or were they of a struc- 
ture so low as to render it probable that their deyelopment was 
at the time incomplete V Were they, in other words, the em- 
bryos and foetuses of their class ? or. did they, on the con- 
trary, rank with the higher and larger fishes of the present 
time? 

It is of importance that not only the direct bearing, but also 
the aetual fxmmmt, of the evidence in this case should be fairly 
stated. So far as it extends, the test^nony is clear; but it 
does not extend far. AH the vertebrate remains yet detected 
in the Siliirian System, if we except the debris of the Upper 
Ludlow.i)one-bed, might be sent through the Post-Office in a 
• box scar-cely twice the size of a copy of the " Vestiges." The 
naturalist of An exploring party, wh.q,. in crossing some un- 
known lake, had looked down over the. side of his. canoe, and 
seen a few fish gliding through • the obscure depths of th^ 
water, would lie but indifferently qualified, from what he had 
witnessed, to write a history of all its fish. >Nor, were the 
some six or eight individuals of which he had x^aught a glimpse 
to be of small size, would it be legitimate for him to infer that 
only small-sized fish lived in the lake ; . though, were there to be 
some two or three Jarge ones amc^g them, he might safely af- 
firm the contrary. Now, the evidence regarding the fishes of 
the Silurian formation vei'y much nesembles what that of the 
naturalist would.be, in the supposed case, regarding the fishes 
of the unexplored lake ; with, however, this difference, that acf 
the deposits of the ancient system in which they qecur have 
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been examined for years in various parts of the world, and all 
its characteristic organisms, save the ichthyio ones, found in 
great abundance and fine keeping, we may conclude that the 
fish of the period were comparatively few. The palaBontologitit, 
so far as the question of number is involved, is* in the circum- 
stances, not of the naturalist who has only once crossed the 
unknown lake, but of the angler who, day after day, casts his 
line into some inland sea abounding in shell-fish and Crustacea, 
and, after the lapse of months, can scarce detect a nibble, and, 
after the lapse of years, can recken up all the fish which he 
has caught as considerably under a score. The existence of 
this great division of the animal kingdom, like that of the ear- 
lier reptiles' during the Carboniferous period, did not form a 
prominent characteristic of those age^ of the earth's .history 
in which they began to be. 

The earliest discovered vertebral remains of the system, — 
those of the Upper Ludlow rock, — ^were found in digging the 
foundations of a house at Ludford, on the confines of Shrop- 
shire, and submitted, in 1838, by Sir Roderick Murchiaon to 
Ag^ssiz, through the late Dr. Malcohnson of Madras. I used at 
the time to correspond on geological subjects with Dr. Malcolm- 
son, — an accoiftplislied geologist and a good man, too early lost 
to science and his friends, — and still remeipber the interest 
which attached on this occasion to his communication bearing 
the Paris post-mark, from which I learned for the first time 
that there existed ichthyic fragments greatly older than even 
the ichthyoliteg of the Lower'Old Red Sandstone, and which 
made mo acqiiaiiited with Agassiz's earliest formed decision* 
regarding them. Though existing in an exceedingly fragmen- 
tary condition, — ^for the materials of the thin dark'^ colored 
layer in which they had lain seemed as if they had been tritu- 
rated in a mortar, — the ichthyologist succeeded in erecting them 
into six genera ; though it may be very possible, as some of 
these were formed for the . reception of detached spines, ^and. 
others for the reception of detached teeth, — that^ as in 
the case of IHptems and Asierolepis^ the fragments ofbui'a' 
12 
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nngle genus may ha^e been multiplied into two genera <v 
more. And minute scale-like markings, which mingled with 
the general mass, and were at first regarded as the impressions 
of real scales, have been since recognized as of the same char- 
acter with the scale-like markings of the Seraphim of Forfar- 
shire, a huge crustacean. Even admitting, however, that a set 
of teeth and spines, with perhaps the shagreen points repre- 
sented in page 63, fig. 2, 6, in addition, may have all belonged 
to but a single species of fish, there seem to be materials 
enough among the remains found, for the. erection of two spe- 
cies more. And we haye evidence that at least two of the 
three kinds were fishes of the Placoid order ( Onchus MurcMs- 
om and Onckus tentdstrvahis), and, — as the supposed scales 
must be given up, — ^no good evidence that the other kind was 
pot. The ichthyic remains of the Silurian System next dis- 
covered Were first introduced to the notice of geologists by 
Professor Phillips, at the meeting of the British Association 
in 18'42.* They occurred, he stated, in a quarry near Hales 
End, at the base of the Upper Ludlow rock, immediately oyer 
the Aymestry Limestone, and were so* exceedingly diminutive, 

* <* Mr. Fhiilips proceeded to describe. some remains of a small £sh', re- 
sembliog the Cheifooanthua of the Old Red Sandstone, scales and spines 
of which he had found in a quarry at Hales End, on the western side of 
the Malverns. The section presented beds of the Old Red Sandstone 
inclined to -the west ; beneath these were areiiaceous beds of a lighter 
color, forming the junction with Silurian shales ; these, again, pas^^ng 
onto calcareous beds in the lower- l>art cd the quarry, containing the 
corals and shells of, the Aymestry Limestone, of their agreement with 
which stronger evidence might be obtained elsewhere. He had found 
none of these scales in the junction beds or in the Upper Ludlow shaleti ; 
but about six£y or one hundred feet lower, just. above the Aymestry 
Limestone, his attention had been attni^ted to cliscolored spots on the 
9Ufface oC the beds, which upon microscopic examination proved to bo 
Uie minute scales and. spines before mentioned. These, remains were 
only apparent on the surface, while the * fish bed ' ,of the UppeJh Ludlow, 
rockf as it usually occurred, was an inch thick, consisting of innumera- 
ble small teeth and spines.*' .. Report, in «* Athenteum " for 1842, of the Proh 
Uiding9 «f the t^ii^flik Sluting of, BrUitih Ataoctatfon IMan^hegkr): • 
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that they appeared to the naked eye as mere discolored spots ; 
but resolved under the microscope into scattered groups of 
minute spines, like those of the Chdraccmikus with what seem- 
ed to be still more minute scales, or perhaps, — what in such 
circumstances coidd scarce be distinguished from scales, — sha- 
green points of the scale-like type. The next ichthyic organism 
detected in the Silurian rocks occurred in the Wenlock Lime- 
stone, a considerably lower and older deposit, and was first de- 
scribed in the " Edinburgh Keview " for 1845 by a vigorous 
writer and masterly geologist (generally understood to be Pro- 
fessor Sedgwick of Cambridge), as *' a characteristic portion of 
a fish undoubtedly belonging to the Cebtraoiont family of the 
placoid order." In the " American Journal of Science" for 
1846, Professor SiUiman figured, from a work of the States' 
Surveyors, the defensive spine of a placoid found in the Onon- 
dago Limestone of New York, — a rock which occurs near the 
bafle of the Upper Silurian System, as developed in the west- 
em world;'*' and in the same passage he made reference to a 
mutilated spine in a still lower American deposit, — the Oriska- 
ny. Sandstone. In the ''Geological Journal" for 1847, it was 
announced by Professor Sedgwick, that he* had found ''defenses 
cf fishes** in the Upper Llandeilo flags, and by Sir Eoderick 
Murchison, that the/' defense of an Onchus '' had been detect- 
ed by the geologists of the Government Survey, in the Lime- 
stone near Bala. Sir Roderick referred in the same number 
to the remains of a fish found by Professor Phillips in the Wen- 
lock Shale. And such, up to the present time, is the actual 



♦"This is the Lowest position" (that Of the Onondagro Limestone) * 
" In thb State of New York in which any remains have been found higher 
to the scale of organized beingrs than CVii9tocea, with the exception of ah 
imperfettly pi'eserred fish-bone discovered by Hall in the Oriskany 
Sandstone. That specimen, together with the defensive fish-bone found 
in this part pf the New York system, furnishes evidences of the existence 
of toimals bdong^ing ,to the class vertebrata during the deposition of the 
middle part of the protozoic strata."— iimertcan Journal of Sdence- and 
^>f 1846, p. 63- "- — 
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amoura of the e^denoe 
with which we have to 
deal, and the dates of its 
piecemeal production. — 
Let us next consider 
the order of its occur" 
rence in the peoloffic scale. 
The better marked 
subdivisions of the Si- 
lurian System, as de- 
scribed in the great work 
specially devoted to it, 
may be regarded as 
seven in number. An 
eighth has since been 
added, by the transfer- 
ence of the Tilestones 
from the lower part of 
the Old Red Sandstone 
group, to the upper part 
of the Silurian group 
underneath; but in or- 
der « the better to show 
how i^hthyic discoyery 
has in its slow course 
penetrated into the 
depths,*! shall retain the 
divisions recognized as 
those of the system 
when that course be^an. 
The highest or most 
modern Silurian deposit, 
then (No. 1, of the ac- 
companying ^agram), is 
the Upper Ludl(tw Book; 
and it is in the superior 
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strata of the division that the.bone-bed discovered in 1838 occurs; 
while the exceedingly minute vertebrate remains described by 
Professor Phillips in 1842 occur in its base. The division next 
in the descending order is the Aymestry Limestone (No. 2) ; the 
next (No. 3) the Zcwm" Ludlow rock ; then (No. 4) the Wenlock 
or Dudley Limestone occurs ; and then, last and oldest deposit 
of the Upper Silurian formation, the Wenlock Shale (No. 5). 
It is in the fourth, or Wenlock Limestone division, that the 
defensive spine described in the "Edinburgh He view" for 
1845 as the oldest vertebrate organism known at the time, was 
found;* while the vertebrate organism found by Professor 
Phillips belongs to the fifth, or base deposit of the Upper Si- 
lurian. Further, the American spines of the Onondago and 
Oriskany, described in 1846, occurred in rocks deemed cotem- 
porary with those of the Wenlock division. We next cross 
the line which separates the basfe of the Upper from the top of 
the Lower Silurian deposits, and find a great arenaceous for- 
mation (No. 6), known as the Caradoc Sandstones ; while the 
Llandeilo Flags (No. 7), the formation upon which the sand- 
stones rest, compose, according to the sections of Sir Roderick, 
published in 1839, the lowest deposit of the Lower Silurian 
rocks. And it is in the upper part of .this lowest member of 
the system that the ichthyic defenses announced in 1847 by 
Professor Sedgwick occur. Vertebrate remains bave -now been 
detected in the same relative position in the seventh and most 
a/neient member of the system, that they were found to occupy 
ia its^r«^and mostmodehi member ten years ago. But this is 
not all. Beneath the Lower Silurian division there occur vast 
fossiliferous deposits, to which the name " Cambrian System " 
was given, merely provisionally, by Sir Roderick, but which 
Professor Sedgwick still retains as representative of a distinct 
geologic period ; and it is in these, greatly below the Lower 
Silurian base line, as drawn in 1839, thai the Bala Limestones 

* " The thslwdlUmaHnsi with the Wenlock Ltmestone."— fitftti^wyA 
Rtmew.^- 
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ooenr. The Pljnlimmon rocks (a), — a series of conglomer* 
ate, grauwacke, and slate beds, several thouBand yards in 
thickness, — ^intervene between the LlandeUo Flags and the 
Limestones of Bala (5). And, of consequence, the defensive 
«pine of the Onchus, announced in 1847 as detected in these 
limestones by the geologists of the Government Survey, must 
have formed part of a fish that perished many ages ere the 
oldest of the Lower Silurian formations began to be deposited. 
Let us now, after this survey of both the amount of our ma* 
terials, and the order and time of their occurrence, pass on to 
the question of size, as already stated. Did the ichthyic re- 
mains of the Silurian System hitherto examined and describ- 
ed belong to large or to small fishes ! The question cannot be 
altogether so conclusively anewered as in the case of those 
ganoids of the Lower Old. Red Sandstone Whose dermal skeletons 
indicate their original dimensions and form. In fishes of the 
plaooid order, such as the Sharks and Rays, the dermal skeleton 
ia ^eatly less continuous and persistent than in such gaxkoiitt 
astheDipterians and Oelaoanths; and when their remains oc- 
cur in the fossil state, we can reason, in most instances, regard- 
ing the bulk of the individuals of which they formed part, 
merely £rom that of detached teeth or spines, whosd propor- 
tion to the entire size of the animals that bore them cannot be 
strictly determined. We can, indeed, do little more than infer, 
that though a large plaooid may have been armed with but 
tfmall spines or teeth, a small placoid could not have borne very 
la^e ones. And to this placoid order all the Silurian fish, 
from the Aymestiy Limestone to the Cambrian deposits of 
Bala inclusive, unequivocally belong. Nor, as has been alrea- 
dy said, is there sufficient evidence to show that any of the 
iehthyic remains of the Upper Ludlow rocks do W belong to 
it. It is peculiarly the order of the system. The Ludlow 
bone-bed contains nbt only defensive spines, but also teeth^ 
fragments of jaws^ and shagreen points; whereas, in all the 
iidferior deposits which yield any traee of the vertebrata, the 
remains are those of defensive spines ezdusively.. Let ns^ 
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then, take the dofensiYe spine as the part on which to found 
our comparison. 

One of the best-marked placoids of the Upper Ludlow bone- 
bed is that Onchus Mnrchisoni to which the distinguished^eol- 
ogist whose name it bears refers, in his communication, as so 
nearly resembling the oldest placoid yet known, — that of the 
Bala Limestone. And the living fishes with which the Onchus 
MurcMsofii must be compared, says Agassiz, though '' the 
afSinity," he adds, "may be rather distant/' are those of the 
genera " CestracUm, Oentrina, and Spinax.** I have placed 
before me a specimen of recent Spinax, of a species well known to 
all my readers on the sea-coast, the Spinax AcarUhias, or com^ 
mon dog-fish, — so little a favorite with our fishermen. \i 
measures exactly two- feet three inches in length ; and of the 
defensive spines of its two dorsals, — those spear-like thorns on 
the creature's back immediately in advance of the fins, which 
80 frequently wound the fisher's hand, — the anterior and 
smaller measures, from base to point, an -inch and a. half, and 
the posterior and larger, two inches. I haye also placed be- 
fore me a specimen of Cestradon Phillippi (the pott Ja6kson 
Shark), a fish now recognized as the truest existing analogue 
of the Silurian placoids. It measures twenty-two three-fourth 
inches in length, and is furnished, like Spinax, with two dorsal 
, spines, of which the'ant^ior a^d larger measures from base to 
point one one-hidf inch, and the posterior and smaller, one one- 
fifth inch. But the defensive spine of the Onchus Murchisonij 
as exhibited in one of the Ludlow specimens, measures, though 
mutilated at both ends, three inches and five-eighth parts in 
length. Even though existing but as a fragment, i£ is as such 
nearly twice the length of the largest spine of the dog: fish, un- 
mutil&ted and entire, ietnd considerably more than twice the 
length of the largest spine of the Port Jackson Shark. The 
spines detected by Professor Phillips, in an inferior stratum of 
the same -upper deposit, were, as has been shown, of tolcro- 
scopic miptuteness ; and when the/ seemed to rest on the ex-, 
treme horizon o^ ichthyic existence as the most ancient' re- 
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mains of their kind, the author of the ''Yestiges" availed 
himself of the fact. He regarded the little creatures to which 
they had belonged as the foetal embryos of their elass, or, — to 
employ the language of the Edinburgh Reviewer, — as ''the 
tokens of Nature's first and half- abortive efforts to make fish 
out of the, lower animals." From the later editions of his 
work, the paragraph to which the Beviewer refers has, I find, 
been expunged > for the horizon has greatly extended, and 
what s^med to be its line of extreme distance has traveled 
into the middle of the prospect. But that the passage should 
have at all existed is a not uninstructive circumstance, and 
shows how unsafe it is, in more than external nature^ to regard 
the Hne at which^ for^the time, the landscape closes, andheaven 
and earth seem to meet, as in reality the world's end. . The 
Wenlock spine, though certainly not microscopic, is, I am in- 
formed by Sir Philip Egertoo, of but smali size ; whereas the 
Qotemporary spine of the Onondago Limestone, though eom- 
paratively more a fragment than the <spine of the Upper Lud- 
low* Gnckus, — ^for it measures only three inches in length, — ^is 
at least five times as bulky aei the largest spine of Spinax 

F4g. 47. 





a. Porterior ^pine ^ Spinax Jieanthiaa, Jo. I^ragmtKt.iff Onondago*80iau. 

(Ifatural size.) . , 

AeanthUu. Representing one of the massier. ^l^es disporting 
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amid the some four or five small ones, of which, ia my illos- 
tratioD, tha naturalist catches a glimpse in fording the unknown 
lake, it at least serves to show that all the Silurian ichthjolites 
must not be described as small, seeing that not only might 
many of its undetected fish have been large, but that some of 
those which Jtave been detected were actually so. Another 
American spine, of nearly the same formation, for it occurs in 
a limestone varying from tw^ty to seventy feet in thickness, 
which immediately* overlies that of the Qnondago ^deposit, 
thoush still more fragmentary than the first, for its length. is 
only two three-eighth inches, — maintains throughout a neaijy 
equal thickness, — a circumstance in itself indicative of con- 
siderable size ; and in positive bulk it almost rivals the Onou" 
dago one. Of the Lower Silurian and Balar fishes- bo d^scrip-* 
tions or figures have yet appeared. *And suchi up to the 
present time, is the testimony derived from this. department of 
Geology, so far as I have been able to determine it) regarding 
'the size of the ancient Silurian vertebrata. ".No orgauism," • 
says Professor Oken, "is, nor eVef has one been, treated, whieb 
is not microficopic.'' Xhe Trofesso^^s'.pupil^ and abettoi^ 4ihe 
assertors of the development h^othesis, appeal ^o the geologi- 
cal evidence 'a& altogether on their side in the cade; and 
straightway -a few witnesscl^ enter cotart. -But, lol among the 
expected dwarfs, there appear individual^ of mord thail the 
average bulk and stature. 

Still, however, the question of organizatit)n remains. DiA 
these ancient placoid fisHes stand high or low in the scale ? 
Aceol'ding to the poet, " What can we reason but frofo what we 
kpow ? ** We are acquainted with the placoid fishes of the 
present tim€i;'and fr6m these only, taking analogy as our 
guide; can we form any judgment regarding the rank "afld 
standing of their predecessors, ^he placoids of the geologic pe- 
riods. But the consideration of this question, as it is specially 
one on which the latter assertory of the development hypothe- 
sis concentrate themselves, I mu^t, to secure the space necess^l- 
ry for its discussit)n, defer until my ne^ct chapter,. Meanwhile, 
18 
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I am eoDsciouB I owe an apology to the reader for what he 
moBt deem tedious minuteness of description, and a too prolix 
amplitude of statement. It is only by representing things as 
they actually are, and in the true order of their ooourrenee, 
that the effect of the partially selected facts and exaggerated 
descriptions of the Lamarckians can bo adequately met. True, 
tho disadvantages of the more sober mode are unavoidably 
great. He who feel» himself atjibcrty to arrange his collect- 
ed shells, corals, and fish-bones, into artistically designed fig- 
ures, %nd to select only the j^retty ones, will be of course able 
to make 0/ them a much finer show than he who is necessitat- 
ed to'represent theifi in the order and numerical proportions 
in which they occur on some pebbly beach washed by the sea. 
And 6uch 'is the advantage, in a literary •point of view, of the 
ingenious theorist, *who^ in making figures of iiis geological 
fiicts, 4ake&' no more of them than suits his purpose, over the 
man who has to communicate thcfacts as he finds them.* ,Bnt 
the faonjelier mode is the true one. " Could.we obfain," siiys a 
distinguished metaphysician*, ** a distinct and full history of all 
that has passed in the jnind of a child, from the beginning of 
life and sensation until it grows up to the use of reason, — how 
its infaftt fa<^Uies began to "work, and how they brought fort]^ 
and ripened. aW the various notion^ opinions, and^sentitnents, 
which we find in ourselves when- we come to Jbe,capable%of re* 
flection, — this would be a treasure of natund historf which 
Would probably give more light into- the human faoukies than 
all the systems of philosophers about them since the beginning 
«f the world. But it is in vain," he adds, "to wisl^for what 
nature has not put within the reach of our power," In lika 
manner, could we obtain, it may be remarked^ a .fnH and dis- 
tinct Account of a single class of the animal kingdom, from its 
fiist appearanoe until the present time^ "this wo^d be a.trea- 
jBure of nalinral history which would oast more light" on the 
origin of living existences, and the true eoonomy of creation, 
than all the theories of all the philosopbBrs ** since the beginning 
of theVerld." And in order to approximate f p^i^eh a history as 
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nearly as possible, — and it does seem possible to approximate 
neax enough to snbstantiate the true readings of the volume^ 
and to correct the false ones, — it is necessary that the real ves- 
tiges of creation should be carefully investigated, and their 
order of succession ascertained. 
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fflGH STANDING OP THE PLACOroS.-OBJECTIONS 
CONSffiERED. 



*Wb have seeir that some of the Silurian placoids were large 
of size : the question iitill remains, ^ere they high in intelli- 
gence and organization ? 

The Edinburgh Reviewer, in contending with the author of 
the ''Vestiges/' replies in the affirmatiteyhy claiming for them 
thl5 first place am(TDg fishes. '' Taking into account/' he says, 
"the brain and the whole nervous, circulating, and generative 
systems, they stand at the highest point of a natural ascending 
sdale/' They are fishes, he again remarks, that rank among 
" the very highest types of their class* *' ' . • 

•' The fishes of this early age, arid of all other ages previous 
to the Chalk/' says his antagonist, in feply, " are, for the most 
part, cartilaginous. . The cartilaginous fishes, — tfkondrop^- 
ry§ii of Cuvier,— ^are plaeed by that naturalist as a second 
series in his descending ^ scale ; being, however, he s&ys, *in 
some, measure parallel to the first,^ How far this is different 
from their being tho highest types 'of the fish class, need not be 
largely insisted upftn. Linnaeus, again, was so impressed by 
tho low characters of many of»this order, that he actually 
ranked them with worms. Some of the cartilaginous fishes, 
nevertheless, have certain, peculiar features of organization, 
chiefly connected with re-production, ift which they • es^cel other 
fish ; but such features are partly partaken of by families in 
inferior sub -kingdoms, showing that they .cannot truly be re- 
garded as marks of grade in their own class. When we look 
to the great fundamental .characters, particularly to the frame- 
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work for the attachment of the musoles, what do we find ?— 
why, that of these placoids, — *the highest types of tljeir 
class,' — it is harely possible to establish their being yert^brata 
at all, the back-bone having generally been too slight for* pr%- 
servation, although the vertebral columns <jf the later fossil 
fishes are as entire as those of any other animals. In many 
of them traces can be observed of the muscles having been 
attached to the external plates, strikingly indicating their low 
grade as vertebrate animals. The Edinburgh Ke^iewer * high- 
est types of their class' are in reality a separate series of that 
class, generally inferior, takicg the leading features-of oi^alii- 
zation of structure as a criterion, but when details of ergau* 
zation are regarded, stretching farther, both downward and 
upward, than the* other seriea; so that, lookiifg at. one extremity, 
we are as much entitled to call, them the lowest, as the Be- 
viewer, looking &if another extremity, is to call thent the 'higher 
of their clasE^' Of the general inferiority there can be no 
room for doubt. Their* cartilaginous structure is, ii> the first 
plaec, analogous i^o the embryoftic -state of veitebrated ^nijnak 
in general. The maxillary and intermaxillary bones a,re in 
them rudiiQentaL ' Their tails axe finned on the uddei* side 
enly, — an admitted feature of the salmon in an. emtbry otic- 
stage; and the mouth is placed en *the under side of -the 
head, — also a mean and embryotic feature of structure. These 
characters are essential and important, whatever the !Eld>nbui:gk 
Reviewer may say to the contr^y : they are the characters 
which, above all, X am chiefly concerned in looking to, for they 
are features of embryotie progress, and emlSryc^tio progress is 
the grand key to the theory of development:" ... 

Siich Js the ingenipiis piece of- special pleading which this 
moftt popuzlar of the Jjamarckians directs against the standing 
and organization tof the earlier fishes. Let us examine.it some- 
what in detail, and see whether the slijght admixture of truth 
which it contains serves to- do .aught more than to render cur- 
rent, lik^ the gilding )of a counterfeit guinea spread over the 
base mdtal, t£e amount of errot* which lie» beneatih. I know 
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not a better example than that which it farnishes, of the en- 
tanglement and perplexity in which the meshes of an artificial 
claBsiScation, when conyerted, in argumentative processes, into 
ci^bols and abstractions, are sure to inyolye subjects simple 
enough in themselves. 

Fishes, according to the classification of a preponderating 
majority of the ichthyologists that have flourished from the 
earliest times down to those of Agassiz, have been divided into 
two great senes, — the Ordinary or osseous, and the Chondrop- 
terygii or cartilaginous. A^d these two divisions of the class, 
iniftead of being rangecT consecntiyely in a continuous line, the 
OBe'.in advance of the other, have been ranged in two parallel 
lines^ the dne directly, abreast of the other. There is this fur- 
ther peoulianty in the arrangement, that the line of the carti- 
laginous series, from the circumstance that some of its familie9 
rise higher, and some sink lower in the scale, than any of the 
ordinary* fishes, outflanks the arraji of the osseous scries at . 
lM)th ends. The front which it presents contains fewer genera 
and speeies than** that of the osseous, division; bmt/like th^ 
front of an anAy drawn out ia single fil^, it- extends along a 
greater length of- ground. Apd to this long-fronted series of 
the cartilaginous, .or, accovding to €uvier, ehondrdpterygiquk 
fish<!i^, the placoid families of Agassiz belong, — among the rest, 
dhe plaooidfr' of the Sihirian formi^ions, •Upper and Iiower. • 
But tfacnigh all the placoids of this latter naturalist becartila'- 
ginous fishes, all Cartilaginous fishes .are not placoids. The 
StuHonidoB ar^ cartilaginous, and are, as sucb, ranked by Cu- 
vief among the Ciondropierygii, whereas, Agassis places them 
in his ganoid order. Man^ of the extiact fishes, too, such as 
the Acantkodei, JHpiemke, CephakapidcB, were, as we have seen, 
cartilaginous in their internal framework, and yet true ganoids 
m)t^thstanding. The' principle of Agassi^'s ckssifioatitn. 
wholly differs from that of Cuvier and the older ichthyologists ; 
iof it is a classification founded, not on the cbaraeter of the 
internal, but on that of the cuticular or dermal skeleton. And 
while to the'geologist it possesses great and obyiofia^dvantages 
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over every other, — for of the earlier fishes very little more than 
the eutieular skeleton survives, — ^it has this farther rec6mmen- 
datlon to the nataralist, that (in so far at least as its autl^or 
has been true to his own principles), instead of anomalously 
uniting the highest and lowest specimens of their class, — 
the fishes that most nearly approximate to the reptiles ^n the 
one hand, and the fishes that sink farthest toward the wor^ns 
on the other, — ^it gathers into one consistent order all th^ indi- 
viduals of the higher type, distinguished |tbove theif fellows by 
thei|^ development of brain, the extensive range of their in- 
stincts, and- the perfection of their generative systems. Far- 
ther, the history of animal e^stences, as recorded in the sedi- 
mentary rooks. of our. planet, reads a recommendation of thiB 
9cheme of«e6issification which it. extends to no other. We 
find that, in the progress of creation, the fishes began to he by 
gcoupes and septs, arrapged.accordk)g to the principle on which 
it erects its orders. The placoids came first, the ganokfs sue-, 
oeeded t]iem, a^d the ctenoids and cycloids brought up the 
r^ar. The ^larch has i>een marish^ied according to an ap- 
pointed programme, the order of which it is peculiarly the 
merit of ^^Igassiz to have ascef Ij^ned. 

l^ow, may I re(|u^st the reader, to mark, in the first place, 
that, what we have speqiaUy i;o deal with at the present stage 
of the argtfinenjb, are the pUcoid fishes of the Silurian, fenna* 
tioBB, Upp^r and Lowctr. May I t^k him to take note, in the 
•eoond, that the long- fronted c^nc?ro2?/er^^«a» series of Cuvier,^ 
though it includes, as has been already said, the plaeoid ordte 
of.AgasMZ, — just as the red-blooded division of animals in- 
cludes the bimana and quadrumana, — is no ntore to be regarded' 
as-tc^M^^ with the- placoids, than-the red-blooded animals are 
to be regarded as identical with the apes or with the human 
family. It simply includes ih'em in the character ef <me of the 
three great divisions into which it has been separated,*— the 
4ivisioil ranged, if I. may so express myself, on the extreme 
right of the line ; it^ middle portion, or m4in body, being eom- 
pofied of the Sturumes^ a fanuly on the general leve^of the 
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osseous fishes ; wbile, ranged on the extreme left, we find the 
low division of the Stictarii, u e. Cyolostomi, or Litmpreys. 
B^t with the middle and lower divisions we have at present 
nothiftg to do ; for ^f neither of them, whether Sturumes or 
Suctoriif does the Silurian System exhibit a trace. Further be 
it remarked, tliat the scheme of classification which gives an 
attract standing to the Ckondropterygii, is in itself merely a 
oertaiii perception of resemblance which existed, in certain 
minds, having cartilage for its general ^dea ; just as another 
certaih perception of resemblance in- one other certain mind had 
cuiictdar skeleton for its general idea, and as jet another per"- 
ception of resemblance in yet other certain minds had red*Uood 
for its general idea. As sh6wn by the disparities whfbh obtain 
among the section which the scheme serves to scfiaFate from 
the others, it no more determines rank or standing than that 
greatly fnore ancient scheme of claseification into "ring- 
streaked and spotted," which served to distinguish the fiocks 
of the patriarch Jacob from those of Laban, his father-in-law, 
but which did uot distinguish goat8.from sheep, nor sheep from 
.cattle. ' • • , 

The effect of introducing, after this manner, 'generalizations 
made altogether irrespective of runk, aixd avowedly without' re;* 
ference to it, into what ^re inl^crently.and specifically questions 
of rank, admits of a simple illustration. 

Let us suppose that it wan not with the standing of the Si- 
lurian placoids that we hB„d to deal, but with that of the mam'* 
mKjds of tlve recent period, including, the quadrumana, and even . 
the bmumay and that we had ventured to describe them, in the 
words of the Edinburgti Reviewer,* as ". the very highest types 
of their iSlass." What would be thought of the reasoner who, 
in challenging the justice of the estimate,^ would atgue that* 
these creatures, mea.as well as monkeys, belonged simply to 
that division of red-blooded afiimals which -includes with the 
liimaua and qui^drdmana, 4rhe frog, the gudgeon, and the* earth-' 
worm^l — a division, he might add, *' which, when details of or- 
ganization are regatd^d, stretches farther, both downward and 
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upward," than that, division of the white-blooded animals,, to 
which the crab, the spider, the cuttle-fish, and the dragon-fly 
belong, " so that, looking at one extremity [that occupied by 
the earthworm], any one is as much entitled to call the red- 
blooded animals the lowest" division, as any other, looking at 
another extremity, is to call them tl^e 4' highest division, of 
animals." What, it might welLbe asked in reply, has the 
earthworm, with .its red blood, to do in a que&tion respecting 
the place and standing, of the bimana ? Or what, in the parallel 
case, have the Suctoriiy-^ihe worms of Linnaaus, — to do in a 
question respecting the place and standing of the real placoids? 
True it is that, accordirigto one principle of- dassification, now 
grown somewhat obsolete, men and earthw(»ins are equ^y f ed- 
blobded animals; true it is that, according to another pijnd- 
ple of classification, the placoids of Agassi% and the oartilagi- 
nous worms of Linnseus are equally Chcmdropterygii, The 
bimaftatf and the earthworm have their red blood in common ; 
the glHjbinous hag and the true placoids have as certainly their 
Ihternal cartilage in eommon; and if the faot of tbe red*blood 
0)f the worm lowers in no degree the rank of the bimana, then, 
on the same principle, the fact of the internal cartilage of th^ 
glutinous hag cannot possibly detract from the standing of the 
true pladoid. In both cases theyave ere^^tures that entirely 
differ, — the 'earthworms ffSum the bimana, and the cartilaginous • 
vxirms (rom the placoids; and the classificatioft which tags 
them together, whether it be that of' Aristotle or that of Cu- 
vier, cannot be converted into a sort of minus quantity, of 
force enough to*'de tract from .the value and. standing of the 
llimanft in the one cade, or of the -true placoids in the other. 
It is in no degree derogatory to the human family thsvt earth- 
worms possess red blood; it is in no degree derogatory to the 
true placoids that the Suctarii possess cartilaginous skeletQns. 
Let the reader now mark tbe use which has been made by 
the author of the "Vestigetf," of the name and authority* of 
Linnaeus. "Linnasus^" he states, "was so impressed bytho' 
low character of many of this order (the Qhomdroptfiryffu), that* 
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ho aotaallj rankeci them with wormB." Now, what is the faot 
herel Simply that Linneeus had no Bucbgeanral order atf the 
Chondropterygu in his eye at all. Though chiefly remarkable 
as a naturalist for the artificialness of his classifications, his 
estimate df the cartilaginous fishes was remarkable, — though 
carried too far in its* extremes, and in some degree founded in 
error,-^for an opposite quality. It was an estimate formed, 
ia the main, on a natural basis. Instead of ^taking their car- 
tilaginous skeleton into aocouat, he looked chiefly at their 
standing as animals; and, struck with that extent of firont 
which they present, and with both their supciHority on the ex- 
treme right, and their inferiprity^on the extreme left, to the 
ordinary fishes, he erected them into two septate orders, the 
one lower and the other higher than the members of the .osse- 
ous line* And so far was he from regarding .the true placoidsi 
— ^those ChondrcpUrygii whiph to an internal skeleton of car- 
tilage add external plates^ points, or spines of bones,— -his low 
in the acale, that he actually raised them abovQ fishes alto- 
gether, by electing them into an order of reptiles,— ctbe ord^ 
Amphibia Natdez. Surely, if the name of Linna^us.was* to be 
introduced into this controversy at all, it oi)ght to have been 
io connection with /Aw special fact; seeing that tha point taba 
deteitnined in thaq^estion «mder discussion is simply the place 
and standing of that very />rder whieh the naturalist rated so 
high,— ^Dot the pkoe and standing of ,the order whi)oh he dor* 
graded. It sa happens that th4re is one. of the ChondrcpterygH 
which, so far from being a true placoid, does not possess a 
single osseous plate, point, or spine: it is a worm-like crear 
ture, without eyes,^ without movable jaws, without vertebral 
joints, without scales, always enveloped in slime, and greatly 
abhorred by our Scotch boatmen of the Moray Frith, who hold 
that it burrows, like the 'grave-Worm, in the decaying bodies 
of the dead. And this creature, "the glutinous hag,", or, ac- 
cording to north-country fishermen, .the " ramper^eeV or 
''poison-ramper," wasTCgarded by Linnasus as belonging, not 
to theohiss4<^ fishes, but to the vermes. Now, Ma is th^ 
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speeud &ct with which, ia the deyelopmeDt-ooiitroY0rsy, the 
author of the *'Yestiges" connects the name of the Swedish 
naturalist ! AH the fish of the Silurian system belonged to 
that true placoid order which Linnseas, impressed by its high 
standing, erected into an order, not of worms, but of reptiles. 
He elevated A, the true placoid, while he degraded B, the 
glutinous hag. But it«was neoessary to the argument of the 
author of the '' Vestiges" that the earliest existihg fish should 
be represented as fish low^'in the scale ^ and so he has cited 
the name and authority of Linnaeus in its bearing against the 
glutinous hag, B, as if it had,«borne against the standing of 
the true placoid A. The Patagonians are the tallest tM 
bulkiest men in th^ world, whereas, their neighbors, the.Fue- 
ffBXiS, are a slim and. dfrninutiye race. A&d if, in some^on* 
troversy raised regarding the real size of the more gigiinfio 
tribe, they Were to be described' as the ** very taUest types of 
their class," ifny statement in reply, to the effect' lUat some 
trustworthy veyager had examined certain races of the extreme 
douth of AmeHca^ and bad found that they were both short 
and thin, would be neither relerant limits facts nor legHiiliate 
in its bearing. But if the controversialist who thus strove to 
strengthen his case by the voyager's authority, was' at the sftme 
time fully aware that the voyager had seen not only the dunp- 
nutive Euegians, but also the gigantic t^atagonians, knd that 
he had described these last as very gigafatie itideed, the intro- 
duction of the statement regarding the smaller race, when he 
wholly sank the statement regarding the largest would be not. 
merely very irrelevant in the citcumstances; but also very un- 
fair. ' Such, however, is the ' style of statement to which the 
author of the "Vestiges" has* (I tru^ ipadverteptly) resorted 
in this controversy. \' 

It is not uninstructive to mark how slowly and gradually the 
nUturdisfs have been groping their way to a right classifica- 
tion in the ichtbyio department of their science, and how- it 
has been that identical perception of resetnblancb, "having 
eariUage for its ge&eral' idea,- to which the author of the "Tes- 
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iiges" attaches so much importance, that has served mainly to 
retard their progress. Not a few of the more distinguished 
among their numher deemed it too important a distinction to 
be regarded as merely secondary ; and so long as it was re- 
. tained as a primary characteristic, the fishes failed to range 
themselves in the natural order; dissimilar tribes were brought 
into close neig]^borhood, while ^tribes nearly allied were widely 
separated. It failed, as has been shown, to influence LinnsBus ; 
and thojigh he no doubt pressed his peculiar views too far 
when he. degraded the glutinous hag- into* a worm, and elevated 
the Sharks and Rays into reptiles, it is certainly worthy o£ 
lemark that, in the scheme of classification which is now re- 
garded .as the most natwai^ — th^t of Professor MuUer, modi- 
fied.hy Professor Owen, — the ichthyic wo/rms of the Swede are 
placed in the first and lowest order of fishes, — ikQ-Dermopieri, 
-^and the greater part of his ichthyic reptiles in the eleventh 
and highest, — the Fla^siqmL , Cuvier yielded, as has bee(i 
showilf, to the idea of resemblance founded* on the maierud, of 
tjbe ichthyic ' framework, ^nd so ranged his fishes into* twa 
parasol lines. Professor Oken, after first ennnciating as law 
that ^^ the dharaoteristio organ of fishes is the ossqous System,", 
confessed- the '' great di^^culty". whicl^ attaelies to the quept|on 
of- skeletal ."iexture.or substance/* and finally gave up the 
distinction founded on'it as obstinately irreducible to th& pur- 
poses of a natural (Ossification. '' The cartilaginous fishes," 
h^ says,, ''appear to belong to each other, and are also usually 
arranged together ; yet amoqg them we find those species, suqh 
as. the Lampreys, .which oj3vlously occupy the lowest gradjaof 
all -fishes, while th^ Sharks and Rays ren^ind us of the Rep^- 
tili^." And so, sinli;^ng the consideration of texture altogether, 
he placed the family of the Lamprey, ^ including the glatino.us 
hs^g, at the bottom of the scale, and the Sharks and Rays at 
the top. Agassiz's system, peculiarly his own, has had 4he 
r|ire merit, as I have shown, of furnishing a key to the history 
of the fish in its several dynasties, which we may in .vain seek 
m any other. His divisions, — ^if, retiainisg his strongly -marked 
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placoids and ganoids, as orders stamped in the*mmt of nature, , . 
we throw his perhaps less obTgouslj divisible ctenoids and 
cycloids into one order, — the corneoufil or horn-covered, — are 
scarcely less representative of periods than those great classes 
of the veribebrata, mammals, birds, reptHe% and fishes, whicti 
we find not less regularly ranged in theiy order of succession 
in the geologic record than in the "Animal. King^dgni" df Ou- 
vier, — a shrewd corroboration, in both cases, I adi disposed to 
think, of the rectitude of the arrangef)[ient. T^hVt seems to 
be the special defect of his system is, that hftviqg ejected his 
i)ur orders, and then finding a certain number of residuary 
families that, on his principfe of cuticutar character, stub- 
bornly refused to fall into any determinate, place, he distributed 
them among the .others, with reference chiefly to the ^totally 
distinct principle 6f .Quvier. Thus the Stidoriij soft, ^ooth, 
sliipy- skinned fidhes, that do not possess a single plaeoid char- 
acteri and. are not true placoids, lie has yet placed in. his pla- 
coid order, influejic^, apparently, by the "perception of 
resemblance that has cor^t^i^e'for «ts^ central idea^'' and the 
effect has been a massing intp one anomalous and entangled 
group the fishe* of the first period of geologic history, with 
fis]^es of which we do not find a trace, save in the existing soene 
of things, and of the highest families. of their class with fan^ir 
lif s that Occupy the lowest place. But we live in an ^age in 
wh]ph even the benefactors of the world of mind cannot make 
false steps with impunity ; and so, while Agassiz's three ichthyio 
orders will continue to be recognized by the palaBoritologist as 
tile orders of three 'great geologic periods, the Suciorii have 
already been struck*from off his higher fishes by the classii- 
csition of MuUer and Owen, and carried to that lowest point in 
the scale (indicated by Linnaeus and Okeh) which their infe- 
rior standing renders so obviously the natural one. Some of 
my readers may, perhaps, remember how finely Bacon, in his 
••Wisdom of the Ancients,*' interprets the old mythologiQ story 
of Prometheus. Prometheu^ says the philosopher, had con- 
ferred inestin^ble favors on men, by molding theh* forms into 
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^ Aape, and bringing them fire from heaven ; and yet they com« 
plained of him and his teac^ngs to Jnpiter. And the god, 
instead of censnring their ingratitade, was pleased with the 
oomplaint, and rewarded them with gifts. In patting nature to 
die question, it is eminently wholesome to be doubting, cross- 
examining, complaining ; ever demanding of our masters and 
benefactors the philosophers, that they should reign oyer us, 
not arbitrarfly and despotically, 

« Like the old kings, with high toacting looks, 
^ceptered and globedi^ 

lut like our modern constitutioftal monarchs, who govern by 
law; and' further; that an appeal from their decisions on all 
Subjects within the jurisdiction of Nature, should forever lie 
o'pen to nature herself. The seeming ingratitude of such a 
course^ if the '' complaints" be made in a right spirit and on 
proper grounds, Jupiter always rewards with *gifEsf • 

Let us now see for ours^tes, in' this' spirit, whether there 
may not be something absolutely derogatoi^, in the existence 
ef a cartilaginous skeletot, to the creatures possessing it ; or 
"whether a deficit of intenutl bone may no€ be greatly more 
than neutralized, as it assuredly must have been in the view of 
Linnaeus, Muller, and Owen, by a larger than ordinary s^re 
of a vastljr more important substance. 



BANK DEPENDISNT ON BRAIN, NOT BONB. 165 



THE PLACOID BRAIN. 

EMBRYOTIC CHARACTERISTICS NOT NECESSAfllLY 
OF A LOW ORDEfe. 



That special substance, according to whose mass and de^e 
ef developlnent all the creatures of this world take rank in 
the scale of creation, is not bone, but brcdn. Were animals to 
he ranged according 4o the solidity of their bones, the class pf 
birds .would ])o assigned the fir^t place ; the family of the i^e- 
lidm, including the ti^et and lion, the second ; And the cfjBher 
tQjrestris^ carniyora the third* Man and the herbiiroroiis-anli:^* 
mala, though tolerably low m the scale, would be in advance 
of at least the reptiles. Most of these, however, would take 
precedefnce qf th^ sagacious JDelp^inidm; the osseous fi&hes 
would come next in or^ei: ; the true placoids would follow, suo>- 
eeeded by the brumes ; and the Sudorii, i. e. Gyclostomi or 
•Lampreys, would bring up the-rean There would be evidently 
BO ord^r here: the utter confusion of such an arrangement, 
like that of the bits of a dissected map flung carelessly out of 
its box by a child, w«uld of itself demonstrate the' inadequacy 
and erropeousness . of the regulating principle. But how very 
difTerent the appearance presented, when for solidity of bene 
we substitute development of brain! Man -takes his proper 
place at the head of cnsatioB ; the lower mamtimGa follow, — 
ea^h specie^in dUe order^ according to its modicum of intelli- 
geuce; th9 birds succeed the maBmudid; the reptiles succeed 
the birds; the fishes succeed jthe. reptiles; next in thekog 
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procession come the invertebrate animals ; and these, too, taike 
rank, if hot according to their development of hfain proper, at 
least according to thjir development of the substance of brain. 
The* occipital nervons ganglion of the scorpion greatly exceeds 
in size that of the earthworm ; and the occipital nervous ring 
of the lobster, that of the intestinal ascaris. At length, when 
we reach the lowest or acrite division of the animal kingdom, 
the su]|)stanQe of brain, altogether disappears. It has been 
caloalated by naturalists; that in the vertebrata, the brain in 
the elass of fishes bears an average proportion to the spinal 
cord of about two to one ; in the class of rej)tiles, of about 
two and a half to one ; in the class of birds, of about three to 
one ; in the clas§ of mammals, of about four to one ; 'and in, 
the high-placed, scepter-bearing human family,*a proportion of 
not less th&n tioeni^-thrse to one. It is palpably accorctiflg to 
development of braiin, not development of bone, that we are 
ta determine points of precedence among the animals; — ^ fi|ot 
of which no one can be mofe thoroughly fi^ware than the 
author of the " Vestiges-* himself. Of this let me adduce a 
'jstriking int^tande, of *which I shall make farther use anon. , * 
. "Air life," saya Okeii, "is from .the. sea; none from the 
contineht. Man also is a child i»f the wdrm and^shallow parts 
of the sea- in the neighbor^od of the land.'* Such, tflso, was 
the hypothesis of Lamarck and MaiUet In following up the 
view of his masters, the author of the *^ Vestiges." fixes on 
the DdphinidcB as the* $ea-inhabiting progenitors of the simial 
family, and, through the «imial family, of man. For -that 
highest order of the mamn^alia ta which the Simiadce (mon- 
keys) belong, "there remaioB," 'he says, " a basis in the i)«/- 
pkinidce, the last and small«at of the cetacean tribes. This 
affiliation has a> special support in the brain of the' delpUn 
family, which Is distinctly allowed to be, ii4 proportion to gene* 
ral bulk, the greatest among aammalia next to the ourang- 
outang and man. We learn from Tiedemann, that each of the 
cerebral h^iispheres is. composed, as in man and the monkej 
tribe, of three lobes, — an apCerior, a middle, and a posterior; 
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and these hemispheres present much more nnmeroas oiroimiTo- 
lutions and grooves than those of any other animal. Here it 
might be rash to found anything upon the ancient accounts of 
the dolphin, — its familiarity with man, and its helping Jiim in 
shipwreck and various marine disasters ; although it is difficult 
to believe these stories to be altogether without some basis in 
fact. There is no doubt, however, 'that the dolphin evinces a 
predilection for human society, and charms the marioeir by the 
gambols which it performs beside his vessel." •• • 

H^re, then, the author of the ^' Vestiges" palpably founds 
on a large development of brahi in the dolphin, and on tl\e * 
manifestation of a oorrespondiogly high' order of - instincts ; 
and this altogether irrespective of tl^c structure or compofflticm 
olf. the creature's internal skeleton. The substance to which 
he looks. as all-important in. the ease is braiuy not bone. For 
were be to estimate th^ standing of the dolphin, not by ks 
b^ain, bi^ by its, sketeton, he would have to assign to it a 
places ^ot only noi in i^dyanoe of its brethren, the. mammalia 
of the sea, but evep nu the rear of the reptiles of the sea, — 
the marine tortoises. Or .turtles,<-«-aTid scarce more than abreast 
of the osseous fishes. •" Fishes," says Professor Oweii, in* his 
<* Lectured on the Viartebrate Animals,"- "have \he 'least pro- 
portien of earthy nmtter in their bones ; birds the largest*. The 
mammalia,.especially the. active, predatory species, have more 
earth, 'or harder 'bones, than reptiles. In each class, however, 
there are differences' k the density of bone among its severiil 
members. For ezailiple, in the fresh-water fishes;- the bones 
are lighter, and retain more- animal ipatter, thanrin those which 
swim in the denser sea. And in tde ddphin^ ft warm-blooded 
marine animal, they differ little ill this respect. frx)m those of 
the sea-fish." Such being the*f&ct, it is surely but Aiir to. in- 
quire of the author of the "Vestiges," .why he should deter- 
mine the rank and standing of .th/B DdphihidcB .according to 
one set of |]£rineiples, and the rank and standing of the placoids 
according to another and entirely different set ? If the Dd^ 
phmidm are ib be placed high in th^seale, notwithstandiBg the 
14 



aoftn e BB of tlnir skeletons, simply because their brams «m 
large, why are the placoids to be placed low in the acale, not- 
withstanding the largeness of their brains, simply because 
iheir skeletons are soft ? It is not too mnoh to demand, that 
on the principle which he himself recognizes as just, he should 
either degrade the dolphin eg: elevate the placoid. For it is 
alt^g^ther iniidmissible 'that he should reason on one set of 
laws wlien the exigencies of his hypothesis require that crea«- 
tures with soft skeletons should be raised in the scade, and on 
another and entirely difFeretit^ set when its necessities demand 
* ihat they should be depressed. 
. But do the placoids possess -in reality a large dev^lopmeiit 
imT brain ? I have ^camii^ed the brains of almost aU the com- 
Inon fish of our coast, both osseous and cartilaginous, not,*! 
fear^ with the skill of a Ti^demann, but all the more intelli- 
IfBOtly in consequence of what Tiedes&ann had previously do&e 
and written; and so I can apeak trith same little confldenee /m 
the subject, so far at least. as my modicum of eaperience> ious 
acquired, extends. Of all the common j^sh of the Scottisli 
seas, the spotted er lesser dog-fish bears, in proportion to its 
mz€s i}^ largest 'brain ; the gf ay or picked dogifish Tanks next 
in. the degree of development.; the* Roys, in their various 
species, follow after; and the osseous fishes compoi^. at* least 
the great body*of the rear; while still further behind, there . 
lags a hapless class, — ^the Suetorii, one' of which, the glutinous 
bag, has scarce aify brain, and one,*the •Amphioxus or lancelrt, 
wants brain altogether. I- have icompafed the brain' of the 
spotted dog'fish with that of ayOung alligator, and have found 
that hi scarce any perceptible d|egree was it inferior, in point 
of bulk, and very slightly indeed' in point of organixation, to 
tS^ braiti of the reptile. And^ the instincts of this phicpii 
family,-— one of the truest existing representatives of the pla^ 
coids of the Silurian tsystem'ts to which we- can appeal, — coiire* 

'^ The Siinrian placoids are mbtt adequately. represented by4he Cbfrs- 
«<Mi>t)f the aontheni hemMpbeie; hail know not ikat pf the paenlk^ 
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jqKmd, 'WB immriablj find, with tbeir superior oerebral devselop- 
meiit. I have seen the common dog-fish, Spmax AcanOiSaMy 
liDTering in packs in the liioray Frith, some one or two fathonn 
away from the side of thoherring boat from which, 'when the 
fishermen were engaged* in hanling their nets, I have watched 
them, and have tidmired the cauti6n which, with all their ftto- 
. city of disposition, they rarely fieuled to manifest ; — how they 
kept aloof from the net,, even mere warily 'than* th^ cetacea 
themselves, — thonglf both dog-fish and cetacea aie occasion- 
ally entangled; — ^and how, when a few herrings W6re shakep 
loose from th^ mcfthes« they at once darted npon then^ exhibit- 
ing for a moiyent, throngh the green depths, the pale gleam .of 
their abdemens,.as 4ihey* tamed np<y their sides to seize Jthe 
desired morsels, — ^a motion rendered necessary by the position 
of *the month in< this family; — aqd how next, their object- ao- 
jfiDmplished,'thfty fell back into thek old position, and waited on 
.WA before. . And I havei been assured, by intellij^ent fishemen, 
ihat at the deep-sea wbita-fishing, in which bkited hooks, nbt 
nats are employed, the degree oi shvewd caution teercised by 
•these ^o^eatnres seems more extraordinary stilk The hatred 
which the fisher beats to thorn arises not more -from the actmd 
.ABiQunt of mischief whiph.they do him, than from the bircnm- 
stance that in most «ases they persist in doin^ it with eom«> 
plete impnnity to themselves. • I have seen, said an observant 
Cromarty fisherman to the writer of these chapten^ a pack of 
tle^^&sh watching beside onr boat, as we were hanling onr lines, 
And severing the hooked fish, aB they passed them, at a bite; 
jnst.a little abov^.the vent, so that they themselves escaped 
the ^wiiUowed Hook; and IJbave^equenlly lost, in fthb way, 
noinoonsiderable portion of i^ fishing. I haveiobserved^ how- 
fiVBir> he continned,<tfaat ^hen ik fresh pack of hnngiy dog-fish 
jcame np, and joined the paiik that had 1l>een robbing n« so 



efaaiMtBir tuid instineti of this teterestfaig'placoid^— the last of Its race, — 
there is Aiiy thing knowq.. FotitsVonii and genenl mppearane^ sde fli^:' 
4B,,pii«oI70.. , ,. . : 
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ood)y, and at their leisure, a sadden rashness would sdze iih» 
wtiole>^— the onited packs wonld become a mere heedless mob ; 
and, mshiog forwaod, they would swallow oor fish entire, and 
be caught themselves by the scor»and the hundred. We may 
see somcj^hing very similar to this taking place among even the 
shrewder 'mammalia. When pug refuses to take his food, his 
mistress straightway calls upon the cat, and, quickened by tl^ 
dread of the. coming :riyal, he gobbles up his rations at once. 
With the jDomparatiyely large development of brain, and the 
corresponding manifestation jof instinct. • which the true pla- 
coids exhibit^ we find' "other tuilequiTOcal nSarki^ of a general 
'superiority. to their class.' In^ their reproductix^ organs they 
rauk, not with the c^ifti^n fishes, nor even with the4ower rep- 
tiles, but with the Chefenians' and the Sauria. Among the 
Hays, as «among the4iigher animals, there are individual attach* 
ments formed between male -and female : '.their eggs, unlike the 
mer^ spawn* of the osseous fishes, or^of even the.Batraohians, 
."aire, like those^ the tortoise and the* crocodile, comparatively 
few«in numberj and of •considerable sizei their young, too, like 
the young of birds and of the higher resiles, pass through no 
each metamorphosis as those of the* to^d- and frog, t)r' of .the 
amphibia generally. And sbnae of thehr number, — the com- 
mon ddg-fish,for instance,-!-7are ovoviviparons. bringing forth 
their young,, like the common viper tfnd the vifiparouili lizard, 
alive and: fully formed. 

• ''But such > features," says thq autKor of the "Vestiges," 
referring chiefly to eeriain pro^sions connected with the repro- 
ductory system* in the placoids, *^ are partly* partaken of by 
fiimilies unv inferior; sub-kingdoms, showing that they oamiQt 
truly be regairded as marks of grade in then* own class."^ Nay, 
single ieaturesi do here and there occur in the. inferior sub- 
kingdoms,! which very nearly resemble single features in the 
placoid character, and organization, which even very nearly re- 
semble single features in the human character and organiza- 
-tinn ;. but is there any of the infesior sub -kingdoms in which 
there ocears 8u)Dh a coUocaiwn of fes^ures ? or does such a col- 
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clocadoa ooeur in any class of animals, — ^setting the piaooiob 
wholly out of view, — which is not a high class ? Nay,-farther, 
does there occur in any of the inferior sub-kingdoms,-^exrt- 
ing even as a single feature, — that most pronynent, leading 
characteristic of .this series of fishes, — a large brain ? . 

But is not the ^'.cartilaginous structure " of th^ placoids an- 
alogous to the embryotic state of vertebraled animals in gen- 
eral? Do npt the other .placoid peculiarities to whicli the 
author of the *' Vestiges " refers,--rsuch as' the heteroceroal er 
one-sided tail^ the position, of; the*mout^ on the under side pf 
the head, and ihe rudimental state pf thp masiUarips and int^- 
maxillt^ries, — bear further anal^jgies with the embryptict state 
of ti^e higher animals 1 And is not *«embryotic process the 
grtind ke;^ to the theory (rf,developn;ifnt ? " Let us exapiine 
thismatiter. " These are the characters/' fiays this ingeniQas 
writ^, *' which, above al^ I am chiefly concerned in looking ;to»; 
for the^ are features of embryotic ppogress, and elnbryotie pro- 
gress is the ^and key to the.iheory of development.." Bold 
assertion, certainly ; but, then, -assertion is not argument I-^ 
.The s^tement ;s not a reasqn for the f^ith that is in the author 
of the " Vestig£sp," but simply an avowal of it ; it is simpjy a 
confession, not ^ defense of the Lamarckian creed; and, in- 
stead of being admitted as. embodying a first principle, itipust 
be put stringently tathe question, in order to determine whether 
it contain a prpiciple at all* , * . 

In the first place, let us remark, that the cartilaginous 
structure of the placoids bears no very striking^analogy to the 
cartilaginous structure of the higher vertebrata in -the embry- 
otic state. , In the case of the DelphinidcB^ yriih thisir soft sl^el- 
etons, the analogy is greatly more close. •Bon^ consists of 
animi^l matter, chiefly gelatinous, hpirdened by a diffusion o( 
inorganic earth. In the bgnes of young and foetal mammalia^ 
inhabitants of the land, the .gelatinous prevails; in the old 
and mid dlcr aged- there is a ^eponderance of the earth. Noyr, 
in the bones of the dolphin there is comparatively little earth. 
The analogies of its internal skeleton beai^ hot on the skele- 
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kM of its bretlnren the mature foU-grown momittls of tin 
land, lmt«OD the skeletons of their immature or foetal ciffispriiig. 
But in the case of the trae placoids that analogy is faint in- 
deed^ Theii^ skeletons contain tme bone; — the yertebral 
joints, of ihe Sharks and Kays possess each, ta has been 
s&owii, an 09se6niB nudens, which retains, when subjected to the 
heat <^ a common fire, the complete form of the joint ; and 
their V&nial fradre-work has its surface always coyered over 
with hud osseous points. • But though their skeletons possess 
thus their modicum of bone, vnlike > those of embtyotio birds 
of' mammals, they contain, iti What is 'properlytheir cartilage, 
no ^elathior. Th^ ait^logy signally fails in the very poitiit in 
"whick it has been deemed sp^icially to- exist. The cartilage 
9£ the 'Chondropieiyffu isr Vk substance so essentially differeitt 
from- that of young or embryot|c birds and mamjndis, and so 
>ii|i^^e in the animal kingdom, thit the heated water in which 
the ooe readily dissolves has no effecft whatqyer upon the other. 
It 18^ however, a curious circumstance, exemplified in some of 
the Shark family,* though it merely serves, in its exceptive 
ttbariAstelr, to establish the general fact, that while the tays of 
thj^dcrttble fins, which atuswer to tb^' phalanges, are all formed 
of this inimoltMe cartilag'e, "those rh^s which con^itute thrar 
ofttiir IVamework, with the rays-which constitute the framework 
t»^^l fhe sin^e fiqs; are composed of a nvucoidal cart^a^e, 
which boils into glue. 'At certain deffinite lines a change oc- 
curs ill the texture of the skeleton ; and it is certainly sug- 
gestive df thought, that the difference^ of substance whieh the 
change ittvohres distinguishes that pftri of the skeleton whick 
IB homologioally representative of the skeletons of the high^ 
yertebrata, from that part of it which is peculiar to the crea- 
ture as a fish, viz. the dorsal and caudal rays, and the extjiremi^ 
ties 9p the double fins.' These emphatically ichthyic portions 
of the animal may be dissipated* |)yboinng, whereas wWLia- 
nseus would perhaps tertn its reptilian portion ikbides« the heat 

without redudtipiC ^ '. 

*" — < — » ' " ■ . ■ " * — '■- - -• , ■■•-* ■ ' ■ ■ * ■ ■ — —————— 

' '. A • Such IM the dog-fithei, picked and spotted. 
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3tA is not the one-sided tail, so characteristic bf 4he sfanvki; 
and of tilmost all the ancient ganoids, also *a characteristic t}f 
th« young salmon* just hurst from the egg ? Yes, assnTedly; 
and, 80 far as research on the snhject has yet extended, of n5t 
only the salmon, hut of all the other osseous fishes in their foe- 
tal state. The salmon, on its escape from the egg, is a little 
monster of ahout three quarters of .an inch in length, with a 
huge heart-fihaped hag, as hulky as all the rest of Hs hody, de- 
pending from itS'Ahdomen. In tbis hag provident 'nature has 
pakcked up for it, in lieu of a nurse, food for five weeks ; and, 
moving ahout everywhere in its«halloTf pool, jrith its provision 
knapsack slung fast to it, it' remind^ oim disposed to he f^ncir 
lul, save that its burden is on- th^ wrong side, of Scottidi 
■oldfers ;0f the alden* tim^ 'mmunoned to ^attend •their king jn 

waJr^~ . , 

« Etela on hh impk, a 8l«*der store, . • * 
His ibrty day^ provieion bore, 
, As anoient statutes tell/* 

Around that terminal part of the creatuz^'s body traversed 
by the caudal portion, of th^. vertebral column,' whieh .comr 
menceain the salmon immediately behind the ventrals, there runs 
at this period, and for the .ensuing five weeks in which.. it doas 
noi^ feed, a membranous fringe 'or fin, which exactly resembles 
that :of the tadpole, and whiph, existing aimply.as an expansiovi 
of the skin, exhibits no marks i>f rays. In- the place of the 
true caudal fin, however, wemi^ detect, Kith*tbe. assistance of a 
lens, an internal frame- wodcwith/tw'o Well-marked lobesv^nd 
ascectain, further, that this taiUgT ^et an awry,-^the effect of 
a slight upward bend iq the creature's. bo«^. And when view 
edJn ,a utrong light as a tntnsparency, we peroerv» that the 
spinal cord :takes t})e same upward b.ond, and, as in the stur- 
geon, pfMses in an exceedingly attenuated form into the iqiper 
lobie. What may be regarded as the. S«^ of the arxitoge^ 
m^nt is probably to be found in the peculiar form given to the- 
little t^reature by the ; protuberant bag m front. A vfjse insiioot 
4011^08 it, /rem the nuoiyient of its* eacdjidiQii from the ^gg, to 
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mToid*it8.«iiBime8. In the iDstant the human shadow falLs 
upon ito pool, we see it darting, with singular alacrity, into 
some recess at the sides or bottom ; and in order to enable it 
to do so, and to steer, itself aright, — as, like an ill-trimmed 
vessel, deep in 'the water a-head, the balance of its body is im- 
perfect, — there is, if I may so express myself, a heterocercal 
peculiarity of helm required. It has got an irregularly-devel- 
oped tail to balance an irregularly- developed b(^'y, as skiffs 
lean on the one beam and J^ on the other require, in rowing, 
a cast df the rudder to keep them straight in their pourse. 
. Sinking altogether, however, the final cause of the peculiari- 
ty, ^nd regarding it ftnfjy as a/ostoZ one^ that indicates a der- 
iainr stage of imperfectioA in the creature in which it occurs, 
0(k what principle, I ask, are we to infer •that what is a sign of 
immaturity in the young of one set of animals, is a mark of 
inferior organization in the adulf forms of another set ?* The 
want of eyes in .any of the animal families, or the want of or- 
gans of progression, or a fixed and sedentary condition, like 
that of the OystCi', are all marks of great inferiority. And 
yet, tf we admit the principle, that what are evidences of kn- 
t^aturityin the young" memberi?ef one family are signs of'in- 
ftrlof organization in the fully-grown mepabe^ of another,''it 
could easily be shown that eyek atid legs are defects, and that 
the unmovin^ oyster i^ands higher in thescrie than the ever- 
restless fish or {)ird. The immature Ikdndtma possess loco- 
motive powers/wtiereas ill their fulfy developed state they re- 
main fixed to one s^lot iii.tlieir convoluted tubes. The imma- 
ture L^pas is* furnished with' aiembers well adi^ted fbr swim<« 
ming, and with which: it .swims freely ; as it rises toward matu- 
Hty, thes6 become 'blighted and weak; and, when fully grown, 
-<-fixed by its fleshy pedicle to the TO(^or floating Idg to VMch 
it attached itself iti its transition state, — it is no longef'ableto 
swim. The immature Balanus is furnished with two eyed : in 
*its state of maturity these are estinguished, and- it passes its 
period of fiill development in darkness. Further, it is not gen- 
erally held that in the human family a white skints a detidad 
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majk of degradation, but rather the reverse ; and yet nothing 
can be more cert^ than that the Negro foetus, has a white 
skin. Since eyes, and organs of progression, and a power of 
moving freely, and a white skin, are mere embryo tic pieciiliai^i- 
ties in the Bodanus, the Lepas^ the Tvbidaria, and the Negro, 
and yet are in themselves, when found in the mature animal, 
evidences of a high, not of ^a low standing, on what priaci^^le, 
I ask, are we^ to infer that the peculiarity of a heterocer cal 
tail, embryotic in the salmon, is, when fc^nd in the ma^wft pk- 
coid, an evidence, not of a high standing, but of a low ? Every 
tinv analogy in the case favors an^exactly opposite view. I& 
Fi^ 48 




a. Tail of Spinax Aeanthia», ■ 

<1^. Tail of Ichthyosaurus Tewuirottris (Bockland). 

the heterocercal or one-sided tail, the vertebral joints gradual- 
ly diminish, as ii} the tails of the Sauria and Ophidia, vntil 
they terminate in a point ; whereas the homocerpai tail com- 
mon to. the osseous fishes exhibits no tru^ • analogy with the 
tails of the higher orders. Its abruptly terpainating vertebnd 
column, immehsely developed posterior processes* and broadly 
exp9.nded oeseous rays, seem to be simply a few of tho many 
*^ 15 • 
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marks of decline and degradation wbich fishes, the oldest of 
the vertebrata, exhibit in this late age of the world, and which, 
in at least the earlier geologic periods, when they were, greatly 
ypunger^s-a class, they did not betray. 

In illustration of this view, I would fain recommend to the 
reader ^ simple experiment. Let him procure the tail of a 
cdtemon ^og-fish (fig. 48, a), and, putting it across about half 
an ineh above where the caudal fin begins, let him boU it smart- 
ly* fof about half an hgur. He will first see it swell, and then 
builit, all around those thinner parts of the fin that are travers- 
«d by the caudal rays, — lyholly mucoidat, as sh,own by this 
test, in their texture, ai;^d which* yield to the boiling water, as if* 
formed of isinglass. They finally d^solve, and drop. away, 
with the surrounding cuticular integument; and then there 
only remains, as the insoluble Framework of the whele^ the bo- 
dies of the vertebrae, with their neural and hoemal processes. 
The tail has now lost jnuch of its iohthyic character, and has 
acquired, instead, a considerable de^ec of resemblance to the 
reptilian tail, as exemplijied in the saurians. I have introduc- 
ed into the wood-cut, for the purpose of- comparison, ^he tail 
of the ichthyosaurus (b). It consists, like the other, of a se-, 
ries of gradually diminishing vertebrae, sfqd must have alsosup- 
Jiorted, says Professor Owen, a propelling fin, placed vertically, 
as in tbe shark, which, however, from its perishable nature, 
has in every instance disappeared in the earth, as that of the 
dog-fish disappears in the boiling watei^ {t will b^ seen that 
its processes are comparatively smaller' than those of the fish, 
and that the bodies of its vertebrae are shorter and bulkier ; 
but there is at Icsr&t' a general correspondence of (he parts; and 
were the tail* of the' crocodile, of which the vertebral bodies 
are blender and the processes .large, to be substituted for that 
of the enkliosaui: here, the correspondence would be more 
marked still. After thus developing the tail of the reptile out 
<X that of 'the fish,-— as the Irish magician of the tale devet 
o|)edybung ladies out of old wDmen, — B\mi^\jhj boiling f let the 
reader proceed to a second stage of the experi|nent, and sect 
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whether he may not be able still farther to develope the rdp- < 

tilian tail so obtained, into that of the mammal, by buminfft — : 

Let him spread it out on a piece of iron hoop, and thrust it inta 
the fire; and then, after exposure for some time to a red heat 
has consumed and dissipated its merely cartilaginous portions, 
such as the neural and hoemal •processes, with the little pi^cQ^ 
which form the sides of the neural arch, and left only the 
whitened bodies of the vertebraB^ let him say whether the bony 
portion which remfliias does not present a more exact resem- 
blance to' the matnmiferous tail, — that of the dog, for example, 
— ^than anything else he ever saw. The Lamarckians may 
well deem it an unlucky'circumstance, that one special portion 
of* their theory should demand the depreciation of the- hetero- 
cereal 1»il, seeing that it might be represented with excellent 
effect in another, as not merely a connecting link in th^ upward 
march of progression betweem tho tail of the true ^h and thiii 
<^ the true reptilb,. but as actually containing in itself^-r-as the 
caterpillar contains the future p«ipa and butterfly, — the ele- 
"Ments of the reptilian and mammiferous tail. If there be ai)y 
virtue in analogy, the hetero cereal tail is, I repeat, of a deci- 
dedly higher type than the homocercal one.> It furnishes the 
first example in tlie Yertebr|ita of those coccygeal vertebrae di- 
minishing to a point, wiiich characterizes not only all the higher 
reptiles^ but 'also all'tiie higher mammals, and which we find 
represented by the Gs coccygis in man himself. But to thi^ 
special point I shall again refer. 

.With regard to that rudimentary state of the occipital 
frailiWprk. of the placoids to which the aujthor qf the" Ves- 
tiges" refers, it may be but necessary to say that, notwithstand- 
ii^ the simplicity of their boxrlike skulls, they bear in their 
character, as cases for the protection of the 'brain, at least as 
close an analogy to. thp skuUs of the higher animals,, as thqse 
of the osseous fishes, which consist usually of the extraordi- 
nary number of from sixty to ^eighty • bones, — a mark, the 
•mthor qf the " Vestiges " himself being judge in the case, — 
mther of inferiority than the reverse. *' Elevation is marked 
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hy^e Beale,'^ we find him saying, ''by an animal exchanging % 
multiplicity of parts serving one end, for a smaller number." 
The skull of .a cod consists of about thrice as many separate 
bones as that of a man. But I do not well see that in this 
ease the fact either of simplicity in excess or of mulHplidUy in 
excess can be insisted upoir in either direction, as a proper 
basis for argument. Nearly the same i^mark applies to the 
maxillaries as to the skull, ^he under jaw in man consists 
of a single bone ; that of the thomback, — ^if we do not include 
the two suspending ribs, which belong equally to the upper 
jaw,-r-of two bones (the number in well-nigh a{l the mammife- 
rous quadrupeds) ; thttt of the cod, of four bones, arnd, if we 
include the suspending ribs, of twelve. On whart principle are 
we to hold, with one as the representative number of the high- 
est type of jaw, that <w)*indicates a lower standing 'than fyur, 
OS Jhur than ttoelve ? In reference i% ihe further statement, 
that in. many of the ancient fishes " traces eati be observed of 
the muscles having been attached to the external plates, strir 
kingly indicating ^heir low gmde as vertebrate animals," it* 
nuiy be answer enough -to state, that the peculiarity in question 
was not a charaicteristic of the most ancient fishcs,-Mhe placoids 
of the Silurian system, — but of soipe ganoidfs of the • succeed- 
ing systems. The reader may remember, as a cape in point," 
the example furnished by the nail-like bone of Asterolepis, fig- 
ured in page 112, in which there exist depressions resembling 
that of the round ligament in* the head of tho quadrupedal 
thigh bone. And as for the remark that the opening of the 
mouth of the placvcdd " on the under side of the head,'^ i4- in- 
dicative of a lovr, embryotid condition, it might be almost suffi- 
cient to remark, in turn, that the lowest family of fishes, — th^it 
to which the^ sup{)08ed woi*nis of Linnaeus bielong, — have the 
moutl\ not under, but; at the anterior termination of the head, 
— in Itself an evidence that the position of the mouth at the 
exCremity of the mnzzle, common to the greater number of the 
osseous fishes, can be no very high character, seeing that the 
humblest of the Sudorii possess it ^ and th*st many osaeowr 
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fishes, whose months open, not on the nnder, but the upper side 
of the snout, as in the distorted and asymetrical genus Platessa, 
are not only in no degree superior to their bony neighbors, and 
far inferior to the placoid ones, but beai*,' in direct consequence 
of the arrangement, an expression of unmistakable stupidity. 
The objectton, however, admits of a greatly more conclusive 
reply. 

" This fish, to speak in the technical*latngUage o^ Agassjz," 
says the Edinburgh Reviewer, in reference to tKe ancient ich- 
thyolite of the Wenlock Shafe, " undoubtedly belongs to the 
Cestraciont family of tlfe placoid order, — proving to demon- 
stration that the oldest known fossil fish [1^45J- b&dngs^ the 
highest type of that division* of tie vertebrate,." I may add, 
that the character and family of this ancient specim^ was de-» 
termined by our highest BrJtislf authorityin fossil ichthyology. 
Sir Philip Egertbn. And it is 'in depreciation of 'Professor 
Sedgwick's statement regarding its high standing that the 
author of the "Vestiges" Veferjj to the supposed. inferiority 
indicated by a mouth opening, not at the extremity of the 
muzzle, but under the head. Jjet us, then, fully grant, for the 
argument's sake, that the occurrence of the' mouth in th^ 
muzzle is a sign of superioi^ty, and its ocoureiice undear the 
liead a mark of inferiority; and then ascertain how the ioJbt 
stands with regard to the Cestracion. "The Cestraeion sub- 
* genus," says Mr. James Wilson, in his adnurable treatise^ on 
•fishes, which forms the article ichthyology in the "Encyclo- 
psedia Britannica," " has the temporal aperture, the anal fin, 
and rounded teeth, of S^Ualtis mustelua ; hut tJie mout^ is ter- 
minal, or AT THE EXTREMITY ot" THE POINTED MUZZLE." The 

accompanying figure (49), taken from a specimen of Cestmcion 
in the collection of Professor John Fleming, may be regarded 
as of some little ittterest, both from its direct bearing on the 
. point in question, and from the circumstance that it Represents, 
i^ot inadequately for its size, the* sole s^jrviving species {Cesira-^ 
cion Phillippi) of tho oldest vertebrate family of creation. 
With this family, so far as* is yet Icnown', ichthyic existenie 
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first began. It does not appear that on the globe which we 
inh^it there was ever an ocean tenanted by living creatures at 

Fig 49. 




POKT JACUON SBXRK {CettraeioH Phillippih 

# 

all that liad not its Cestraciorij — a statement which could not 
be inade regarding any other vertebrate family, In Agassiz's 
" Tabular View of the Genealogy of fishes,", the Cestracionfcs, 
and they only, sweep aifross the entire geologic scale. And, 
as shown ii^ ihe figure, the mouth in this ancient family, instead 
of opening, as in the ordinary shacks, under the middle of the 
head, ^ expose them to the suspicion of being. creatures of low 
and embryotic character, opened in a broad honest-looking 
muzzle, very much resembling that of the hog. The mouths 
of the m(5st ancient plaeoids of. which we k-now anything did 
noty 1 reiterate, open under tkeir tiaads. 

But why introduce the element of embryotic progress into . 
this question at all ? It is not a question of enjbryotic pro- 
gress. The very legerdemain of the sophist, — ^the juggling by 
which he substitutes his white ball» for black, or converts his 
pigeoiis into crows, — consists in the art of attaching the .con- . 
elusions founded on the facts or conditions of one subject, to 
some other subject essentially distinct in its nature. Gesta- 
tion is not creation. The history of the young of animals in 
their embryotic state is simply the history of the foetal young; 
just as the history. of insect transformation, in which it has 
been held by good men, but weak' reasoners, that thore exists 
direct evidence of* the doctrine of the Resurrection, is the- his- 
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tory of insect transformation, and of nothing else. True, the hu- 
man mind is so constituted that it«}on verts all nature into a stope- 
house of comparisons and analogies ; and this fact of the meta- 
morphosis of the creeping catefpillar, after first passing through 
an intermediate period of apparent death as an inert aurelia, 
into a winged image, seems to have seized on the human fancy 
at a very early age, as wonderfully illustrative of life, death, 
and the future state. The Egyptians wrapped- up the bo'dies 
of their dead in the chrysalis form, so that a'mummy, in their 
apprehension, was simply a human pupa, waiting the period of 
its enlargement: and the Greeks had but one word in their 
language for butterfly and the soul. But not the less true is it, 
ROtwith standing, that the f^cts of insect transformation furnfsh 
no legitimate key to the totally distinct facts of a resurrectkm 
of tBe body, and of a life 'p-fter death. And on what principle, 
then, are we to trac6, the origin.of past dynasties iji the changes 
of the foetus, if not the rise of the future dynasty in the*trans- 
formations of the caterpillar ? " These [embryotic] characters 
[that of the heterocercal tail, .and of the mouth of tHe ordi- 
nary shark type] are essential and important," remarks the au- 
thor of the " Vestiges,"*" whatever the Edinburgh Reviewer 
• naay say to the contrary; — they are the characters which; abov6 
all, I am chiefly concerned in looking to, for they are Ibefea* 
tures of «mbryotic progress, and l^mbryotio progress is the 
grand key to* the theory of development." Yes; the grand 
key tp'the theory of faial development; for embryotic progress 
is foetal development. But on what is the assertion bused that 
they form a key to the history of. creation? Aurelia ara not 
human bodies laid out for the sepulcher, nor are bfttterflies 
human souls ; as certainly gestation is not creation, nor ^ lifa 
of months in the uterus a succession of races for millions of 
ages outside of it. On what grounds, then, is the assertion 
made ? Does it embody the result of a discovery, or announce 
the. message of a revelation? Did the author of the "Ves- 
tiges " find it out for himself, or did an angel from heaven tell it 
him ? If it be a discovery, show us, we ask, the steps through 
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which you have been conducted to it ; if a revelation, produce, 
for 6ur satisfaction^ the evidoiyse on which it rests. For we are 
not tQ accept as data in a question of science, idle comparisons 
or va^ue analogies, whether produced through the intentional 
juggling of {he sophist, or involuntarily conjured up in the 
dreamy delirium of an excited fancy. 

It is one of the difficulties' inciclpnt to the task of replying 
to any dogmatic statements of error, that every mere annuncia- 
tion of a false fa^t or false principle must he met by elaborate 
counter-statement or carefu% constructed argument, and that 
prolixity is thu& unavoida'bly entailed on the. controversialist 
who laJx}rs to set right what his antagonist has set wron^. The 
promulgatoj; of err6r may be lively^ and entertaining, whereas 
his pains- taking coufutator runs no small risk of being tedious 
and.dull. May I, however, solicit the forbearance of the ifead? 
er, i^ after ^Ir^dy ^pejiding much time nn skirmishing on 
gro"Unc^ takep up by the enemy,— onrf of the disadvantages in- 
cident to the mere defendant in a cbntroversy of this nature, 
— ^I sjfend a little m^re in indicating what I deem* the f)ro- 
per^Qund on which. the stai^ding of the earlier vertebratisi 
should be decided. •To the test oi brain I have already refer- 
red ai( all-important in the question ; I would now refer to the 
test o£«wbat may be termed^ hxmhological symim/etfy of organic 
zatioyi, * - , . . 
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THE PROGRESS* OP DEGRADATION. 

ITS HISTORY. 



Though all animals be fitted by nature for the life .whieh 
their instincts teach them to pursue, ^fUiuralists have leami^ 
to recognize among them certain aberrant and mutilated foiins^ 
in which the type of tj^e special class to which they .belong 
se^ms distorted and degraded. They «xist as the monster 
famUiea oi creation, just as among families there appear from 
time to tkoe monster individuals^ — men^for instance, without 
feet» or hands» or eyes, or with their feet, hands, or eyes grie7« 
ously misplaoed,-^sheep with their fore legs growing out of 
their necks, or ducklings with their wings attaibhed to their 
haunches. Among these degraded races, that of the footless 
sorpent, which ''goeth upon its belly," has been long noted by 
the theologian as a race typical, in its condition and nature, of 
an order of hopelessly degraded brings, borne down to the dtlst 
by a. clinging curse ; and, curiously enough, when the first com- 
parative anatomists in the world, .give their readiest and most 
prominent instance of degradation among the denizens of the 
natural world, it is this very order of footless reptiles that 
they select. So far as the geologist yet knowB, the Ophidians 
did not appear during the Secondiary ages, when the monarchs 
of creation belonged to the reptilian division, but were ushered 
upon the scene in«the times of the Tertiary deposits, when the 
mammalian dynasty had supplanted that of the Iguanodon«and 
'Megalpsaurus. Their ill- omejied birth took place whe^.the 
influence of .their house was on the waoe^ as if to set such a 
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stamp of utter hopelessness on its fallen condition, as thgt set 
by the birth of a worthless or idiot heir on the fortunes of a 
sinking family. The degradation of the Ophidians consists in 
the absence of limbs, — an absence total in by much the greater 
number of their families, and represented in others, as in the 
boas and p/thons, by mere abortive hinder limbs concealed in 
the skin ; but they are thus not only monsters ikrov^h defect of 
partSy if I may so express myself, but also monsters through re- 
dundancy, as a vegetatiye repetition of ve^ebra and ribs to 
the number of three or four hundred, forms the special contri- 
vance by which the want of these is compensated. I am also 
disposed to regard the poison-bag of the venomous snakes as a 
mark of degradation^— .it seems, judging from analogy^ to be 
a protective provision of a low character, exemplified chiefly in 
the invertebrate families,-^ants, cen tildes, and mosquitoes, — 
spiders, wasps, and scorpions. The higher- cariiivora are, we 
find^ furnished with unpoisoned weapons, which, Ijke those of 
civilized man, -are sufficiently eflfective, simply from the excel- 
lence of 'thcfir construction; and the power with which' they aCrb 
wielded, for every purpose of assault or defense. It is only the 
squalid savag*es and degraded boschmen of creation that have 
their feeble teeth' and tinj* stings steeped in venom, and so 
made formidable. Monstrosity Uirough displacement of pavis 
constitutes yet another ferm of 'degradation ; and. this form, 
udited, in some instances, to tho other two, we find curiously 
exemplified in the geological history of the fish, — a history 
which, with all its blanks and missing portions, is yet better 
known than that of any other division of the* vertebrata. And 
it is, I am convinced, from a survey of the progress of degra- 
dation in the great ichthyic division,^a progress recorded a» 
" with a pen of iron in the roek forever," and not from super- 
ficial views founded on the cartilaginous or non- cartilaginous 
texture of the ichthyic skeleton, that the* standing of the 
kingly fishes of the earlier periods is to be adequatel;^ deter-- 
mined. Any other mode of survey, save the parallel mode* 
whidi takes development of brain into accoiftit, evolves, we 
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find, notbing like principle, and lands tho inquirer tn inextrica- 
ble difficulties and inconsistencies. ^ 
In all tbe bigber non-degraded vertebrata we find a certain 
uniform type of skeleton, consisting of the head, tbe vertebral 
column, and four limbs ; and these last, in tbe various sym- 
metrical forms, whether exemplified in the higher fish, the 
higher reptiles, the higher birds, the higher mammals, or ih 
man himself, occur always in st certain determinate order. In 
all the mammals^ the«scapular bases of the fore limbs begin 
opposite the^eighth vertebra from the skull -backward, the swren 
which go before being cervical or neck vertebrae ;• in the birds, 
— a divison of the .vertebrata that, from their peculiar organiza- 
tion, require longer*tknd more flexible necks than the mammals, 
— 'the scapulars 4)egin fit distances from the occiput varying, 
aocording«to the species, 'from opposite iiia thirteenth to oppo- 
site the tw«nty-fourth vertebra ; and in the reptiles, — at division 
which, according to Cuvier, ** presents a greater diyersity of 
forms, characters, and modes of gait, than any of the other two," 
— ^thej occur at almost *all points, from opposite the second ver- 
tebra, as in the hog, to opposite the thirty-third q^ thirty-fourth 
vertebra, as in some species of plesiosaurus. But in all,-^ 
whether mammals, birds, or .undegraded ^reptiles, — ^they ^e 
so placed, that the cre&ti^es possess necks, of greater or less 
length, as an essential portion of their general type. Th« 
hinder limbs hav-e also in all these three divisions of the ani- 
mal kingdom their typical place. They occur opposite, or very 
nearly opposite, the posterior termyiation of the abdominiJ 
•cavity, and mark the line of separation between the vertdbrse 
of the trunk (dorsal, lumbar, and sacral),, and the third apd 
ItfSt, or catidal division of the column, — ^a division represented 
in m^n by but four vertebrae, and in the crocodile by about 
thirty-five, but which is found to exist, as I have already said, 
in ail the more perfect forms. The limbs, then, in itll the sym- 
metricial animals of the first three classes o£ the vertebrata, 
mark the three great divisions of the Vertebral column,-7-the di- 
vision of the Tieck, the division of the trunk, and the diviidon 
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of the tail, • Let ob now inquire how the case Btands with the 
^ fourth and lowest class, — that of the fishes. 

In those existing placoids that represent the fishes of the 
earliest vertebrate period, the places of the double fins, — pec- 
torals and ventrals, — ^which form in the ichthyic class the true 
homologucs of the limbs, correspond to the places which these 
tccupy in the symmetrical mammals, birds and reptiles. The 
scapular bases of the fore or pebtoral fins ordinarilj begin op- 
posite the twelfth or fourteenth vertebra ;* but they range, as 
in man and the mammaU, in a foFwar4 direction, s<»that the fins 
themselves at^ opposite the eighth or tenth. The pelvic bases 
of the ventral fins are *placed nearly opposite the base of the 
abdomen, so that, as in alt the symmetrical animals, the vent 
op^ns between, or 'nearly between, those hinder limbs which the 
bases support. • In tht£ays, which, so fax as is yet known, did 
not appcsar in creation until the Seoondliry ages- had' begun, the 
bases of the fore limbs, i. e. pectoral fins,.are attached to the loWer 
part of u huge cervical vertebra, nearly equal in length to all the 
trunk vertebras united ; and in the Chimd^idad, which also first ap- 
pear in the Seop.ndary division, they are attached, as in the ossepus 
fishes, io the hinder part of the head. But in the representa- 
tives of all those Silurian placoicUyet known, of Which the fam- 
ily can be determined;* or anything with safety predicated, the 
•ervical division is found to occur as a series of vertebrae: they 
present in this, as in the hinder portion of their bodies, the ho- 
mologioal Symmetry of drganization topical of that vertebral sub- 
kipgdoln to which they belong. 

In the second great period of ichthyic existence, — that of ' 
the Old Red Sandstone, — ^we find' the* first example* in the class 
of fishelB, of " monstrosity through displacement of parts," ajid 
apparently also, — in at least two genera, though the evidence 
on this head be not yet quite cfimptete, — of " m6nstrosrty 
through (f^«c< of parts.*' In all the ganoids of the period, with 



• The tjivelM in Sjpinax Accmthias^ and the fourteenth in ^cyttmnStd- 
tare. 
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(io&raswe can determine' tbe point) only two ezceptioM, 
the scapular bases of the fore limbs are brought forward from 
their typical place opposite the base of the cervical vertebrae, 
and stuck on to the occipital plate. There occurs, in conse^ 
quence, in one great order of the ichthyic class, such a depar- 
ture from the symmetrical type as would take place in a mon- 
ster example of the human family in whom the neck had been 
annihilated, and the arms stuck on to the back of the head. 
And in the genera Coecosietis and Pterkhthys we find the first 
e:(ample of degradation through defed. In the Pterichtkt/s the 
kinder limbs seem wanting ; and in the Coccosteics we find no 
trace of the fore limbs. The one resembles a monster of the 
human family born without hands ; the other a monster lv)rn 
without feet. Ages and centuries pass, and long unreckoned 
periods com« to a close ; and then, after the termination of the 
Palaeozoic period, we see that change taking place in the forih 
of the ichthyic t^ii, to which I have already referred (&jbA to 
which I must refer «t least Once more), as singularly illustrative 
ofthepr6gre* of degradation. Yet Other ages and centuries 
pass away, during which the re|)tiie class attaint to its fullest 
development, in point of size, organization, and numberU ; and 
then, after the iimes of the Cretaceous deposits have begun, 
we find yet another remarkable monsirosity of displacement iii*k 
troduced among aQ the fishes of one very numeroui^ order, and 
-among no- inconsiderable proportion of the fishes of another.* 
In the newly-introduced ctenoids (^Acanthopterygii) and in those 
families of the cycloidiS • which CnVier erected into the order 
MalacoptefyffU su^brackiaii, the hkideY limbs are brought for- 
ward, and stuck on to the basfe of the previously misplaced fofe 
limbs. AH. the fofir limbs, by a strange monstrosity of dis- 
placement, are crowded into the place 9f the extingu!!9hed. neck. 
And. such, at the present day, is the prevalent type amoftg 
, fishes. Monstrosity through d^ect is also found to increase ; s* 
that the snake-Hke apoda, of feet-wahtiog fishes, form a nume- 
rous order, some of whose genera are devoid, as >n the common 
eels and the congers, of only the hindeir limbs ; whik in others, 
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as in the genera Morsena and Sjmbranchos, both hinder and fore 
limbs are wanting. In the class of fishes, as fishes now exist, we 
find many more evidences of the monstrositj which results from 
both the misplacement and defect of parts, than in the other 
tbre0 classes of the vert^brata united; and knowing their geolo- 
gical history bettei than that of any of the others, we know, in 
consequence,, that the monstrosities did not appear early, but 
late, and that .the progress of the race, as a whole, though it 
still retains not a few of The higher forms, has been a progress, 
mot of development from the low to the high,i)utof degradation 
from the high to the low. 

The reader may mark for himself, in the flounder, plaice, 
or (urbot, — fishes of a family of which there appears no trace 
in the earlier ppriods, — an extreme example of the degrada- 
tion of distortion superadded to that of displacement. At a 
first glance the limhB seem to .exhibit merely the amount of nat- 
ural misarrAngement* »nd misorder common to the AcarOfuypiefygii 
and S(id>'brachiaii;'-ri\Q bases of the pectorals are stuck on to 
the head, and the base of- the ventrals attached to thAt of the 
pectorals. From the circumstance,, however, that the creature 
is ^twis^d half r.ound and laid on its side, we find that at least 
one of th^ pairs of double fins,— the pectoral^, — perform* the 
part of sitfgle fins, — one .projecting /rom the animal's superior, 
the other from its inferior side, in the way the anal and dorsal 
fins project from the upper and. under sur&ces of other fishes ; 
while its real dorsal ai^d anal fins, both developed very largely, 
and, — in order to preserve* its balance, — ^in about an equal de^ 
gree, and wonderfully correspondent in form, perform,«from their 
lateral position, the functions ofiiingle fins. Indeed, at a* first 
glance they seem the analogues of the largely- developed pec- 
torals of a/ivery difi*erent family of flat fishes, — the Bays. It 
w^uld appear as if single and double fins, by some such mutual 
^cement as. that which, according to the old ballad, took place 
between the ohjirl of Auphtermuchty and his wife, had jagreed 
to ei^change callings, and perform each the work of the other, 
The tailf too, /possesses, in consequence of the twist, pot 
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the vertical position of other fish-tails but is spread out hori- 
Bontally, like the tails of the cetacea. It is» however, in the 
head of the flounder and its cogeners that we find the more ex- 
traordinary distortions exemplified. In order to aocommo- 
date it to the general twist, which rendered lateral what in 
other fishes is dorsal apd abdominal, and dorsal and abdominal 
what in other fishes is lateral, one-half its features had to be 
twisted to the one side, and the other hal^ to the other. The 
face and eranium have undergone such a change as that which 
the human face and. cranium would undergo, were the eyes to 
be drawn toward the left ear, and the mouth toward the right. 
The skull, in consequence, exhibi4is, in its fixed bones, a strange 
Cyclopean character, unique among the families of creation : it 
has its one well-marked eye-orbit opening, Hke that of Polyphe- 
mus^ direct in the ^liddle* of tha forepart of its head; while 
the other, external to the cranium altogether, we find placed 
among ih» free bones, directly over the maxillaries. And the 
wry mouth, — twisted in the opposite direction, as if to keep u|> 
such a balance of deformity as that which the breast-bump of 
a hunchback forms to the hump behind,r^is in keeping with the 
squint eyes. The jaws are strangely asymmetrical. In sym- 
njetrical fishes the two bones that compose the anterior "half of 
the lower jaw are as perfectly ^correspondent in form and 
size as the lett hand • or left foot is correspondent, in the 
human subject, to the riffhi hand* or ri^ht foot; but not fiucfa 
their character in the flounder. The one is a broad, short, 
yearly straight bone ; the -other is longer, narrower, and bent 
Jike a bo]7> and while the one contains only fromfeur to six 
teeth, the other contains firpm« thirty to thirty- dve. Scarcely 
ii^ the entire ichthyic kingdom are there any two jaws that less 
resemble one another - than .the two halves of the jaw of the 
flounder, turbot or plaice. The intermaxillary bones are equally 
ill matched: the one is fully twice the. size of the other, and con- 
tains about thrice as many teeth. . That bilateral symmetry of 
the skeletbn which ig so invariable a characteristic of tho ver- 
tebrata, tha^t ordinary o^^iiervers, who have eyesfor only the ra)^ 
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and tlie unoommon, fail to remark it, but which a Newton oouU 
regard as so wonderful, and so thoroughly in harmony with the 
uniformity of the planetary system, has scarce any place in the 
asymmetrical head of the flounder. There exists in some of our 
north-country fishing villages an ancient apologue, which, though 
not remarkable for point or meaning, at least serves to show that 
this peculiar example of distortion the rude fishermen of a 
former age were observant enough to detect. Once on a time 
the fishes met, it is said, to elect a king ; and their choice fell 
on the herring. "The herring king !" contemptuously exclaim- 
ed the flounder, a fish*of consummate vanity, and greatly pi(;[ued 
on this occasion that its own presumed claims should have 
been overlooked; " where, then, aip I ? " And straightway, in 
pumshraeiit of its ctfneeit and Tebellion, "its eyes turned to the 
baek of its head." Here is there a story palpably founded on 
the degradation of misplatement and distortion, which originat- 
ed ag^ere the naturalist had recognized either the term or the 
principle. 

It would be an easy matter for an ingenious theorist, not 
much disposed t6 distinguish between the minor and the master 
Itfws of organized being, to get up quite' as xmexceptionable a 
theory of degradation as of development. *The one-eyed, one^ 
lagged Chelsea pensioner, who had a child, unborn at the time, 
laid to his charge, agreed to recognize ^is relationship \o the 
Mttle creature, if, on its coming into the world, it was found* lb 
have a green patch over its eye, and a wooden leg. And m 
order io 'construct a hyi^thesis of progressive degradation, the 
theorist has but to take for granted the transmission to other 
g^erations of defects and compensatory redundancies at onee 
as' extreme and accidental ^ the 'loss of eyes or limbs; and the 
acquifiitlon of timber legs or green patches. The snake, fot 
instance, he might regard as a saurian, that, having accidental- 
ly lost its limbs, had exerted itself to such account, through- 
out a* series of generations, in -making up for their absence, as 
to Bpih out for itself, by dint of' writhing and vnriggling, rathsr 
more than a hnndred additioniJ vertebrsB, and .lib altei*, fbr 
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purposes of greater flexibility, the structure of all the rest. — 
And as fishes, Tvhen nearly stuiftied by a blow, swim for a few 
seconds on their side, he might regard the flounders as a race 
of half-stunned fishes, previously degraded by the misplace- 
ment of their limbs, that, instead of recovering themselves 
from the blow given to some i^mote parent of the family, bad 
expended all their energies in twisting their 'mouths round tD 
what chanced to be the under* side on which they were laid, 
and their eyes to what chanced to be the ugper, and that made 
theii^pectorals serve 'for anal and dorsal fins, and their anal and 
dorsal fins serve for pectorals. But while we must recognize 
in nature certain lawis of disturbance, 'if I may so speak^ 
through which, within certain limits, traits which are the result 
of habit or circumstance in the parents are communicated to 
their offspring, we would err as egregiously, did we take only 
these into account, witl^ut noting that infinitely stronger an- 
tagonist iaw of reproduction and restoration which, by ever 
^avitating toward the original type, preserves the integrity of 
races; as the astronomer would, who, in constructing his orrery, 
recognized only that law of propulsipn through which the plan- 
ets speed through the heavens, without taking into accoui^ 
tliat antagonist law of gravitation whitfh, by maintaining them 
in their orbits, ensures the regularity of their movements. — 
The law of restorjition would recover and right the stupned 
fish laid on its sida; the law of reproduction would give limbs 
to the ofi'spring of the mutilated saurian. We have evidence, 
In the ex.tremtness of the degradation in 'these cases, that it 
cannot be a degradation hereditably derived from accident. — 
Nature is, we findy active, not in perpetuating the acpidental 
wooden lega and greed patches of ancestors in their descend- 
ants, ^ut in restoring to> the offspring the true Inmbs and eyes 
which the parents have lost. . It is, however, itot with a 'theo- 
ry of heieditary dtigradafion; but a hypothesis of gradual de- 
velopment, that I haye at present to .deal; andwhatl^ave to 
establish as proper to the present s(age of my argufl(ient 
is, that this principle of degradatipn really exists, and thai 
16 
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tbe history of its progress in creation bears directly against 
the assumption that the earlier vertebrata were of a lower 
type than the vertebrata of the same ichtbyic. class which exist 
now.* 

The progress of the ichtbyic tail, as recorded in geolo^o his- 
tory, corresponds with that of t^e iohthyic Hmbs. And as in 
the existing state of things we find fishes that ?2«ar^y represent, 
in this respect,- all the great geologic periods, I say nearly, not 
frdly, for I*am acq[uainted with no fish adequately representa- 
tive of the period of the Old Red Sandstone, — it may be i^U to 
east a glance over the cotemporary series, as illustrative of the 
consBcutive one. In those* piacoids of the shark family that to 
a large brain unite hofiiological symmetry of organization, and 
represent the fishes of the first period, .we find, as I have al- 
ready shown, that the vertebras gradually diminish in the cau- 
dal division of the ctilumn, until they ^rminate in a point, — a 
cirebmstance in which they resemble not merely ther betailed 
reptiles, Imt also all the higher mammiferous quadrupeds, and 

^-, ! — — : , k£ , I , . . 

* It will scarce be arged agaiast thc^ degradation theory, that Ihow 
xaces which, tried by* the tests of defect or misplacement of parts, wb 
deem degraded, are not les|^ fitted foi; carrying ou whatin^theirown litt^ 
spheres is the proper business of life, than the non-degraded orders and 
families. The objection is, however, a possible one, and one which a 
single remarls mdy servd to obviate. ' It is certainly«trn'e that thd degrad- 
ed families are thoroughly ikted fpr the performance of ail the work 
given thon to do. They greatly increase when placed in favorabla cir- 
eumstances, and, wjien vigorous and thriving, enjoy .existence. Bat 
then the same may be said of qJU animals, without reference to their 
place in the scale : the mollusc is as thoroughly adapted to its circam- 
siances, and. as fitted to accomplish the end' proper to its being, as the 
mammiferous quadruped, sind the maniiiiferous quadruped ^^ man him- 
self ; but thofact of perfect adaptation in no degree invalidates tbe othor 
nat less certain fapt of jdifierence of rank, nor proves that the mollosc ip 
ej][ual to the quadruped, or the quadruped to man. ^ And, of course, the 
remark equally bears on the reduced as on the uneUvated, — on lowness of 
place when a result of (Ibgratiation in races pertaining to a higher divi- 
sion cf animals, as on lowness oT place, when a' result of .the. 
staiiding' of the division to wh^h'the nc^s belong. 
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eTen man himself. And it is this peculiarity, stamped upon 
the less destructible portions of the framework of the tail, — 
vertebrsB and processes, — ^rather than the one-sided or.hetere- 
cereal form of the surrounding fin, composed of but a mucoid- 
al substance, that constitutes its grand characteristic ; seeing 
that in some placoid genera, such as Scyllium Sidlare, the ter- 
minal portion of the fin is scarce less largely developed above 
than below, and that in others, as jn most of the Eay family, 
the under lobe of the fin is wholly wanting. In the sturgeon, 
— one of the few ganoids of the present time, — we become 
sensible of a peeilliar modification in this faet^rocercal type of 
tail : the lower lobe is, we find, compoied; as in Spinax and 
ScyllinMy of rays exclusively; while through the center of the 
upper lobB there runs an acutely ai^gular patch of lozenge- 
shaped plates, like that whi^h runs though the center of the 
double fins of Biptenis tod some of the Oelacanths. But 
while in the sharks the gradually diminishing vertebrae •stand 
out in bold relief, and fona the thickest portion of the tail^ that 
which represents them in the sturgeon (the angiflar patch) is 
61im and thin, — ^slimmer In the fiddle than even at the sides ; 
— ^in part a Consequence, no doubt, of the want, in this fish, of 
solid vertebrae, but a consequence also of the extreme attenu- 
ation of the nervous cord, in its prolongation iiAo the lobe of 
the fin. Further, the rays* of the tail, its peculiarly iohthyie 
portion, which are purety igncoidal in Spinax, Scyllium, and 
Cesiracion, — -liave become osseous in thb i^urgeon. T^e Jiah 
has 8et and 'become Jix^, as cement sets in a building, or col- 
ors are fixed by a mordant. And it is worthy of special le- 
mark that, correspondent with the peculiarly ichthyic develop<% 
jment of tail in this fish, we find the prevaiMng ichthyie dis- 
placement of thcford limbs. Again, in ihe tail of Lepidoafeuai^ 
another of the true ganoids which still exists,, the intei:nal an* 
gle of the upper lobe wholly disappears, and with the internal 
angle the .prolongation of the nervous cord. •Still, however, it 
19 what the tail of the sturgeon .would beccMne were the angu- 
lar patch to he ebliterated, and rays*iBUbstiiuted instead, — h 
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if a tail set on awry. And in this fish also we find the iohthjio 
displacement of fore limb. One step more, and we arrive 
at the homocercal or equal-lobed tail, which seems to attain to 
its extreme type in those fishes in which, as in the perch and 
flounder, the last yertebral joint, either very little or very ab- 
ruptly diminished in size, expands into broad processes, — ^with- 
out homologue in. the higher animals, — on which the caudal 
rays rest as their bases. Ajid in by much the larger propor- 
tion of these fishes all the four limbs are slung round the 
neck ; they at once exhibit the homocercal tail in its broad- 
est type, and displacement of limb in its moA extreme form. 

Now, ita tracing the«geologic history of the ichthyic tail, we 
find these scTeral steps or, gradations from the heterocerca} to 
the* homocercal, rcpresei\f;ed' by periods and formations. The 
Silurian periods may be regarded as representative of that true 
beteroceroal tail -of the placoids, exemplified in Spinax (page 
165, fig- 48), and Cestracion (page 170, fig. 49). The whole 
caudal portion of this latter animalf eommtncing immediately 
behind the v&trals, is, as becomes a true tail, slim, when conk- 
pared with* its trunk ; the ve^ebrse Arc of very considerable 
solidity; the rays mucoidal^ and where the spinal column 
runs into the terminal fin,! it take»such an upward turn as that 
which the holil3e-jock4y imparts by the process of mcldng^ to 
the tails of the hunter and the race'^horse. And with thehete- 
roeercal tail, so 'true in tts hoiqplogies to the' tails of the 
higher vertebrata, we find associated, as has been shown,, the 
true homological position of the fore limbs. With the com- 
mencement of the Old Red Sandstone the ganoidal tail first 
presents itself; an^ we* become sensible of a change in the 
structure of the* attat^hed fin, simitur to that exemplified in the, 
oavidal rays of the sturgeon* As shown by the irregularly-aa'^ 
gular patch of scales which in all the true Celacanths, and al- 
most all the Dipteriaas,* runs through the upper lobe of' the 

1 . >., ■ ^ 1- .1 , 

« The -vertebral coltmin in the geBue D%fiopteru9 ran, al in the pliooid 
l^aiM jSSi^i^ittiii, aearly'throapsfa the mid«Ue^of the caudal fin. 
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fit), and tenninates in a point (see fig. 50), it must hare p%i}* 
tessed the gradually diminishing vertebrse, or a diminifShing 
spinal cord, their analogue ; but the rays, fairly set, as their 

• Fig. 60. 
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state of kee^^ing in the rocks certify, exist as narrow obl6ng 
plates of solid bone ; . and their anterior edges are strengthen- 
ed by a line of osseous defenses, that pass froib scales into 
rays. And in harnu)niou8 accompaniment with this fairly ste- 
reotyped edition of the ichthyic, tail, we find, in the fishes in 
which it ap^ars, the first instance of displacement of Hmbi^ — 
the bases of the pectorals being removed from their ^original 
position, and stuck on* to the nape, of the neck. Jt may be re- 
marked, in passing, that In the fails of two gahoidal genera 
of this period, the Coccoskus and PterkhihySr — the analogies 
traceable lie rather in the direction of the tails of the Rays 
than in those*of*the Sharks ;« and that one of theses the Cqc- 
cotftott^, seems, as has been klready intimated,* to have had na 
pectorals, while it is someH^hat doubtful whether in the Pter- 
khthye the pectorals were not attached to the shovldet, instead 
of the head. Inrthe Carboniferous dnd Permian systetoa there 
occur, especially among the numerous species of the genus 
iPakBOMsptis, tails of the*type exemplified by the internal an|l6 
of the tail of the sturgeon : the lozenge- shaped scales run in 
acutely angular patches through their upper lobes ; but such is 
their extreme flatness,, as shown by the disposition of the eji- 
aqieled. covering, that it appears exceedingly doubtful wbethor 
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ap^ vertebral column ran beneath; — ^they seem but to have 
covered greatly diminished prolongations of the spinal cord. In 
the base of the Secondary division, — another long stage to- 
ward the existing state of things, — Mte find, with the homocer- 
c|il tail, which now appears* for the first time, numerous tails 
like t{iat of the l/epidosieus (fig. 51), of an intermediate type; 
• -Fig. 51. 
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— <faey are r9.ther tails set on awry than truly heteroeercad,:— 
The diminished *cosd has disappeared frotn among the fin rays. 
In the numerous Lepidoid genus, and the genera Segiionottis and 
Tetragonolepis, — all ganoidal fishes of the Secondary period,-*— 
this intermediate style is very marked ; while in their cotemppra- 
ries of the gedera, Uroeus, Mkrodon, *nd. Fycmdus, we find the 
earliest examples of true homocercal tails. And in thectenoids 
and cyeloids of the Ohalk the iiomoceroal tail receives its fall- 
esli develbpment. It finds l)ases for its rays in broad non-ho- 
mological processes, that spread w&, behind abruptly-terminat- 
ing vertebrae (fig.*52), in the safne period in which, by a 
strange p^cass .of degradation^the four ichthyic limbs are first 
gathered into a cluster, and hung about the neck.* > 
* »• ' f * — * ' ' ' ' ' 

* In th« followtag diagram a few limpfo^tnes seiTf to exbiliit the pro- 
gress of degradtktionr Pig. a represents the .i^ymmetrical placoids cf the 
Silurian period} consisting of head, neck', body, tail, fore iimhs and 
hinder limbs ; fig. 6 represents those heterocercal* ganoids of the Old Red 
Salidstonei Coal ideasures, and l^ermian System, in which the' neck is 
6Mingtlhlhed, and tll^ fapeiimbs «ta(ik an to the4}cbipAt;*iig. c, thoae homo- 
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I am aware, that by eome veiy distii^guished oomparative 
anatomists, among the rest Professor •Owen, the attachment, so 
common among fishes, of the scapular arch and the fore .limbs 

Fig. 52. 
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to tho occipital btme, is regarded, not as a displacement, but as 
a normal and primary condition of the parts. Eecognizing in 
the scapular bones the ribs of the occiptal centrum, the anato-* 



cereal ganoids of tlie Trias, Lids, Oolite, find Wealden, whose tails 
spread out into br6ad tefiftinal processes, without homologue in the 

Silnriani OlchBed, &c. Lias, &o. Cretaceous'.- 
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higher auimals ; fig* d, those . acanthoptcrygii #f the Chalk thai, in ad- 
dition to the ncfti-homological processes, have both Core limbs and hindejr 
Umbs stuck round the head ; whiib fig. e represents the asymnletrical 
Platessa of the same period, with one of its eyes in the mifldie ot ita 
head« and the other thrust jufc to the lide. 
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miits of tbis school o( coarse consider them, when found articu- 
lated to*the occiput, as in their proper and original place, and 
as in>a state of natural dislocation when removed, as in all the 
reptiles, birds, and mammals, farther down. We find Professor 
Oken borrowing support to his hypothesis from this view. The 
limbs, he tells us, are simply xibs, that in the course of ages 
have been set free, and hav^become by development what they 
now are. ^nd it is unquestionably a curious and interesting 
fact, that there ^re certain animals, such as the crocodile, in 
which every centrum of the •vertebral column, and of every 
vertebra of the head, has its fibs or rib- like appendages, with 
the exception of the occipital centrum. And it is another 
equally curious fact, that there is another certain class of ani- 
mals, such as the osseous horn-covered fishes, with the Sturio- 
jiidse, Salamandroidci, and at least one genus among the pla- 
coids (the Cbimsecoidei), in which this occipital centrum beairs 
as its n3«.the scapular Jbones, with their appendages the fore 
limbs. It is the centrum without rihs that is selected in these 
animals as the' centrum Jo which the scapular ribs should be at- 
tached. Be jt 'remembered, however, that While it is unques- 
tionably thQ part of the comparative anatomist to determine 
thje relations and homologies of those parts of which all ani- 
mals are composed,, and to interpret the significancy in £he scal^ 
of being of the various modes and forms in which they exist, 
it is as unquestionably the part of the geologist to declare .their 
history, and the order of their succession t» time. The ques- 
tions which fall to be determined by the geologist and anato- 
mist are entirely different. It is the function of the anatomist 
to decfde regarding thcw hi^h and^ the low, the typical and the 
aberrant ; and so, beginning at what is lowest or highest in the 
scale, or least or most symmetrical in type, he passes through 
the intermediate forms to the opposite extreme: and such is 
the order natural and proper to his science. It \\ the vocation 
of the geologist, on the other hand, to decide regarding th^ 
early and the late. It is with time, not with rank, that he has 
to deal. Nor is it in the least surprising that he should fi»em* 



OV DSGRADATION. 189 

at issue with the comparative anatomist, wfaei^ in classifying 
his groupes of organized being according to the periods of their 
appearance, there is an order of arrangement forced upon him, 
different from that which, on an entirely different principle, the 
anatomist pursues. Nor can there be a better illustration of 
a collision of this kind, than the one furnished by the ease in 
point. That peculiarity of structure which, as the lowest* in 
the Ycrtebral skeletoi), ji tQ the comparative anatomist the pri- 
mary and original one, and which, as such, furnishes him with 
his starting point, is to the geologist not primary, but second* 
ary, simply because it was not primary, but secondary, in the 
order of its occurrence. It belongs, so far as we yet know, 
not to the first period of vertebrate ejdstence, but to the iec- 
ond;i and appears in geologic history as does that savage statp 
which certain philosophers hanre deemed the original Qondition 
of the human species, in the history of civilization, when read 
by the light of thcRevealed Becord, under the.sh^dow of those 
gigantic ruins of the East that date only a few centuries after 
the Flbod^ It is found to be a degradation first introduced dur- 
ing the lapse of an intermediate aget, — ^not the noinnal condit 
tion which obtained during th^ long 'cy.c]j6s of .the pHmal one. 
It indicates, ifot the startmg poiht from which the race of cro^ 
atioQ began, but the stage of retrogradation beyond it at which 
the pilgrims who set out in a direction oppojsite to that of the 
geat first arrived.* . ^ . 

^ I would, heweiTer, Tespectfally suggest, that fhat theory of cerebral 
▼ertebne, on which-, in* this qaestiont t^e cojnparatlVe anatomists pro- 
Getedy and which finds as little support in thegeiSlogic record fromgtile 90- 
tual history of the fore limbs as from the actual history of tiie bonetf of 
the cranhun, may be more ingenious than sound. ^ It is a -shrewd cir- 
cumstance, that the roc&s refuse to testify in 'its favor. Agassis, I find, . 
decides against it on other than* ^olo^cah grounds s and ^is oondnsioa 
is pertainly rendered hot the I«ss worthy of 'careful consideration 'by th« 
fact that, yielding to the force of evidence, his views on the s^ject Hs^vc 
undergone a thorough change, ^e first held, and then rejteted-it. « I 
ha^e shared," he says, <* with a multitude of bther i^aturklists, the opin- 
i(m which regards the cntnium arcbm'posed of Vertebrae ; and I am cpn* 

17 
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'. This fact of.cbgradalion, strangely indicated ingeologio hit- 
torjy with reference to aA the greater divisions of the animal 
kingdom, has often appeared to me a surpassingly wbnderM 



fiequeutly iif some degree called upon to point out tlie motives which have 
iudaced me to reject it." • 

*< M. Oken," he continues, " was the first to assign this siguifitation to 
the bones of tiie cranium. The new doctrine he expounded was receiv- 
•edin Germany wi\h great ent^iusiasm by the ^hool of the philosophers 
of nature. The author conceived the cranium to consist of three [four] 
vertehnBy and the* basal occipital, the sphenoid, and the ethmoid, were re- 
garded as tlie central parts of ttieae cj'anial yertebrs. On these alleged 
badfes of vertabro), the arcltes ^aveloping the central parts of the ^i^ 
vqlus system were raised, while on the opposite aide were attached the 
inferior pieces, which went to fiorm the vegetative arch destined to em- 
brace the intestinal canal and the lieirge vessels. It wouid he tgo tedious 
to euumarate in Hiis place the changed which each author introduced, in 
order to modify this raatter-ao ae to make it suit his own vxvwb. • Sonie 
wgnt the length of affirming that the vert'ebpe of the head were as com- 
plete as those of the trunk ; and, by means of various dismemberments, 
separations, and combinations, all the forms of the cranium were refer- 
red to the vertebrw, by admitting that the numbef bf pieces wAs itvaria- 
bly fixed in avery head, and thlit all the vertebrata, whatever might be 
their organization in other respects, had in their beads the same ^un)ber 
0^. points of ossification.^ At a later period, what was erronaous in this 
manner, of regarding the subject was detected ; but the |dea of the verte- 
bral .composition of the head was still retained. It vvas admitted*as a 
general law, that the cranium was composed of thfee pris&itiveVertebrtoy 
as the embryo is of three blastodermic leaflets ; but that these vertebrsi 
like the leaflets, existed only ideally, and that their presencej although 
easily demonstntted in certain oases, could anly be slightly traced, and 
with the greatest difficulty ^in other ii^tances. The notion thus laid down 
of tha virtual exiatence of cranial vertebrae did not encounter very great 
opposition ; it could not be denied that there.was a certain general re6»m<« 
blance between the osseous case of the brain and the rachidian .canal ; "^h^ 
ocdipital, in particular, had al) the characteristiic features of a vertebra. 
But whenever an attempt waa made to ]uish.the analogy further, and' to 
detarmine rigorously. the anterior vertebras of tl}Q crairium,.the observer 
found himself 'arrested by insurmountable obstacles, and he was oblige'd 
always to xeveri to the virtual existence. 

• ' *< In' order to explain my idea clearly, let n^e have reoqurse to an ex- 
ample. It fs certain that organized bodies ^ spmetimes endowed'with 
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one. fTo can see but imperfectly; in tfaCse twilight depths to 
vhich all such subjects necessarily belong; and yet at timei 
enough does appear to show us what a very superficial thing 



virtual qualities, which, at a certain period of the being's life, elude dis- 
faectiontand all our means of investigation. It is thus that, at the mo- 
meat of their origin, the eggs of alt anjmals have such a i^semblance to 
each other, that it would b« impossible to distinguish, even by the aid of 
the most powerful microscope, the ovarial egg of a craw-fish, for exam- 
ple, from that of true fish. And yet who would deny that beings in every 
respect different from each olher exist in these eggs ! It is precisely be- 
cause the difference manifests itself at a later period, in proportion as the 
embry6^ develops itself, that we are authorized to conclude that, even f^om 
the earliest period, the eggs were different,^-th8t each had virtuarquali- 
ties proper to itself, although they could not be discovered by our senses. 
If, on the contrary, any one 'should Qnd two eggs perfectly alike, and 
should observe twjo beings perfectly identical issue from them, he would, 
greatly err if he ascribed to tHese eggs different virtual qualities. It is 
thesefore necessary, in ordisr to be in a condition lo suppose that Virtual 
properties peculiar to it are concealed in an animal, that these properties 
should manifest themselves once, in some phase or other of its develop- 
ment. Now, applying this principle to the theory of cranial vertebrae, 
we should say, that if these vertebrse virtually exist in the adult, they 
must needs show themselves in reality, at a certain period of develop- 
ment. If, on the contrary, th«y are found neither in the embryo- nor the 
adult, I am of opinion, that we are entitled likewise to dispute their vir- 
tual existence. 

" Here, however, an objection, irtay be made to me, drawn from the 
physiological value of the vertebrs,the function of which, as is well 
known, is, on the one hand, to furnish k solid support to the muscular 
contractions which determfne the moventent^ of the trunk, and, on the 
ether,'to proteci th&centers of the nervous s'ysteift, by forming a more 
or less solid oflistiConipletely around them.* The bodies of thevertebne 
are particularly destined to the first of these offices ; the neurapophyses 
to the second. What can bb more liatural-thau to*admit, from the con- 
sideration of this, that in the head^ the bodies of the vertebrsB diminish 
in proportion as the moving function becomes lost, while the neurapo- 
pbyses are considerably developed for protecti\ig the brafli, the Volume of 
tvhi6h is^ery considerable, when compaVed with that of the spintfl mar- 
fow ? Have we not an example of this fact in the vertebfffi of the tail, 
where the neurapophyses become completely obliterated, and a simple 
cylindrical body alone remains 1 Now, may it not be' the base*, that in 
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infideUty may be. The geiieral advance in creation Iuugi been 
inealcolably great. The lower divisions of the vertebrata pre- 
ceded the higher ;'^ the fish preceded the reptile, the reptile 
preceded the bird, the bird preceded the mammiferous quadra- 
ted, and the mammiferous quadruped preceded man. And 
yet, is there one of these great divisions in which, in at least 
some prominent feature, the present, through this mysterious 
element of degradation, is not inferior to the past? There was 
a time in which the ichthyic form constituted the highest ex- 
an^ple of life ; but the. seas during that period did not sWarm 
with fish of the degraded type. There was, in like manner, A 
time when all the carnivoraand all the herbivorous quadrupeds 
were represented by reptiles ; but there are no such magnifi- 
cent reptiles on the earth* now as reignefl over it thet. There 
was an after time, when birds seem to have been the sole rep- 
resentatives of the warm-blooded i.nimals ; but we Qnd, from 
.(ih^ prints of their feet left in Sandstone, that the tallest men 
might 'have 

" Walked under t^eir hug;e legs, and peeped about." 
Further, there was an age when the quadrupedal mammala 

the head, the bodies of the vertebne have disappeared ; ami that, in con- 
sequence, there is a prolongation of the cord only as far as the moving 
functions of the vertebrsB extend ? There is some truth in this .argnment, 
and it would be difficult to refute it n-priori. But it loses all its force the 
moment that we enter upon a detailed ezaminatioi\ of the bones of the 
bead. Thus, what would we call, according to this hypothesis, the prin- 
cipal, sphenoid, Ihe great wings qf the sphenoid, and the ethmoid, whidi 
iotm the floor pf the cerebral cavity ? It may be saij^ they are apopbyr, 
ses. Bat the apophyses protest the nervous centeis only on the side bA4 
above.* It may be said that they are the bodies of thevertebrae. But thay 
are formed without the concurrence of the derrsal cord ; they cannot, 
therefore, be the bodies of the vertebns. It must therefore be allowed, 
that these bodies at least do not enter into the vertebral type : that they 
are in qpme measure pecuKar, And if this be the case with them, why 
may not the other protective phites.be equally independent of the verte- 
bral type; the. more so, because the rehtions of the frontals and parfo- 
tals vary so mueih,. that it would be almost impossible to assign to them 
a conttfloit place V* • 
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were the magnates of creation ; but it was an age in which the 
sagacious elephant, now extinct, save in the comparatively 
small Asiatic and African circles, and restricte'd to two species, 
was the inhabitant of every country of the Old World, from 
its southern extremity to the frozen shores of the-nerthera 
ocean ; and when vast herds of a closely allied and equally co- 
lossal genus occupied its phce in the New. And bow, in the 
times of the high-placed human dynasty, of those formally 
delegated monarchs of creation, — ^whose nature it is to look 
behind them, upon the past, and before them, with mingled fear 
and hope, upon the future, — dq we not as certainly see the. el- 
ements of a state of evep- sinking degradation, which is to ex- 
ist forevei:, igi of a state of Qver-increasing pepfectibility, to 
which thepe is to be no end? Nay, of a higher race, of which 
we know but little, this much we f^t least ^now, tfiat they, long 
since separated into two great classe^, — ^that of the " elect an- 
gels/' and of " angels that kept not their first estate." - 
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EVIDENCE OF THE SILURIAN M0LLU8C8.- 
OF THE FOSSlI FIOBA 

ANCIENT TREE. 



After dwelling at sach length 6ti tile earlier fishes, it may 
seem scarce necessary to advert t6 their lower c'otemporaries 
the mollttsca,^ — that great division of the animal kingdom which 
Cuvier places second in the descending order, in his srfrvey pf 
tlte* entire series, and first* among the invertetrateS ; and \rhich 
Oken regards as the division out of .which the immediately 
preceding dass of the vertebral animals have 'been developed. 
" The fish," he says, " is to be viewed as a mussel, from between 
whose shells a monstrous abdomen has grown out." There is, 
• however, a peculiarity in the molluscan gf oup of the Silurian 
system, to which I must be permitted briefly -to refer, as, to em- 
ploy the figure of Sterne, it presents " two handles " of an 
essentially different kind, and as in all such two-handled cases, 
the mere special pleader is sure to avail himself of oi)ly the 
handle which best suit» his purpose for the time. 

Ouvier's ^r^t and highest class of th^ moUusca is formed of 
what are termed the Cephalopods, — ^a dass of creatures pos- 
sessed of great freedom of motion: they can. walk, swim, and 
seize their prey ; they have what even the lowest fishes, such 
as the lancelet, want, — a brain inclosed in a cartilaginous cavity 
in the head, and perfectly formed organs of sight; they possess, 
too, what is found in no other mollusc, — organs of hearing; and 
in sagacity and activity they prove more than matches for the 
smaller fishes, many of which they overmaster and devour. 
With this highest class there contrasts an exceedingly low viol- 
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luBeoos olass at the bottom of the scale, or at least, at what i€ 
now the bottom of the scale; for they constitute Cuvier's Jlfth 
class; while his. .m^^ and last, the Cirrhopodes, has* been 
since withdrawn from the molluscs altogether, and placed in a 
different division.of the animal kingdom. And this low plass,^ 
the Brachipods, are creatjires that, living in bivalve shells, unj^ 
furnished with spring hinges to throw them open, and always 
fast anchored to the same spot, can but thrust forth, through 
the interstitial chinks of their prison-houses,, spiral arms, coV* 
ered with* cilia, and winnow the water for a livings Now, it so 
happens that the moUuscan ' group .of the Silurian system is 
composed chiefly of these two extreme qlasses. It contains 
some of i^he other forms ; but they are few in number,, and give 
no character to the rocks In which they, occur. There was 
nothing by which I was more impressed, in a visit to a SiluriiSn 
region, than that in its ancient grave-yards, as in.those^of the 
present day, though in a .different sense, the high and the low 
should so invariably meet together. It is, however, not impo^siv 
ble that, in even ihe present state of things, a similar jUnion of 
the extreme forms of the marine mollusca Qiajr be taking place in 
deep-sea deposits. . Most of the intermediate form^ provided 
with, shells capable of preservation, such as the shelled Gas- 
teropoda and the Conchifers, are either littoral, or restricted tp 
comparatively small depths ; whereas the Brachipoda are deep- 
sea shells ; and the Cephalopoda may be found voyaging far 
from land, in the upper strata, of the sea above them. Even 
in the seas that surround our qwn island, the Brachipodous 
njolluscs, — terebratula and crania, — h^ve been found, ever since . 
deepvsea dredging became con^mon, to be not very rare shells ; 
and in the Mediterranean, where they a^e less rare still, fleets 
of Argonauts,, the representatives qf^ highly organized family 
of the Cephalopods, to which it is now believed the B^Uerophon 
of the Palaeozoic rocks belonged, may be seen summing along the 
surface, with sail and par, high over the profound depths in 
which they lie. ^ And, of course, when death comes, that comes 
to high and low, the remains of both Argonauts and Braohipods 
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iniut lie together at the bottom, iji beds almost totally devoid 

of the intermediate forms. 

• Now, the author of the « Vestiges," in maintaining his hypo- 

thesis, suspends it on the handle furnished him by the immense 
Abundance of the Silurian Brachipods. The Silurian period, he 
says, exhibits " a scanty and most defective development of life ; 
so much so, that Mr. Lyell calls it, jwir exceUence, the age of 
Brachipods, with reference to the by np means exalted bivalve 
shell-fish which forms -its predominant dass. Such being the 
actual state of the case, I must peusist in- describing- even the 
fauna of this age, which we now know was not the first, as, 
generally speaking,* such a humble exhibition of the animal 
kingdom as we might fcxpect, upon th^ development theory, to 
find at an. early stage of the history of organization." The 
rfeader,will at once discern the fallacy here. The Silurian 
period was' peculiarly an age of Brachipods, for in no other 
period were Brachipods, s6 numercws, specifically or individually, 
or of such size or importance ; whereas it was not sopecuiiarly 
an age of Cephalopods, for these we find introduced in still • 
greater nujnbers during the Liasic and Oolitic periods. In 1848^ 
when Professor Edward Forbes edited the Palaeontological map 
of Britain and Ireland, which forms one of the very admira'MQ 
serid^ of "Johnstone's Physical Atlas," the Cephalopods of the 
Silurian rocks of England and'Wales were estimated at forty- 
eight species, and the Brachipods at one hundred and fifty ; 
whereas at the same dat% there* were two hundred and five Ce- 
phalopods of the Oolitic formations enumerated, and but fifty-* 
four Brachipods. It is the molluscs of the inferior, not those 
of the superior class, that constitute (with their cotemp'oraries 
the Trilobites) the characteristic fossils of the Silurian rocks; 
and hence the propriety of the distinctive name suggested by 
Sir. Charles Lyell. But 'in the development question, what 
we have specially to consider is, not the numbers of the low, but 
the standing of the high. A country may be distinctively. a 
Country of flocks and herds, or a country of the carnivorous 
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mammalia^ or, Uke New South Wales oi; the Qalapagbs, a 
country of marsupial animals or of reptiles. Its human In- 
habitants may be merely a few hunters or shepherds, too 
inconsiderable in numbers, and too much like their brethren 
elsewhere, to give it any peculiar standing as a home of men. 
But in estimating the highest point in the scale to which the 
animal kingdom has attained within its limits, it is of its few 
men, not of its many beasts, that we must take note. And the 
point to be specially decided regarding the organi^ns of the 
Silurian system, in this question; is, not the proportion in ntim- 
ber which the lower forms bore to the higher, but the exact rcaik 
which the higher bore in the scale of existence. Did the sys*- 
tem furnish but a single *Cephalopod or a single fish, we would 
jet have as certainly to determine that the chain of being 
reached afi high as the Cephalopod or the fish, as if the remains 
of these creatures constituted its modt abundant fossils. 'The 
ebi^n of animal life'reached quit.eiis high on the evening of the 
sixth day of creation, when the human family was restricted 
to a- single pair, a^ it does now, when our statists reckon up by 
millions the inhabitants of the greater capitals of the World ; 
andf the special pleader who, in asserting the Contrary, would 
insist on determining th& point, hot by the rank of the men-Qf 
Eden, but by the number of minnows or sticklebacks that 
swarmed in its rivers, might bd perhtfps deemed* ingenious in 
his expedients, but certainly not very judicious in the use of 
them. It is worthy of remark, however, that the Brachipods 
of those Palaeozoic 'periods in which the group occupied 'Btioh 
large space in creation, consisted of greatly larger and mere 
important animals than any which it contains in the present 
day. It has yielded to what geological history shows to be 
the com^ion fate, and sunk into- a state of degradation and 
decline. 

The geological history of the vegetable, like that of the ani- 
mal kingdom^ has been pressed into the service of the develop- 
ment hypothesis; and certainly their respective courses, both 
in actual arrangement and in their relation to human know'^ 
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tedge,- seem wonderfully alike. It is not much more than 
twtoty years since it was held that no exogenous plant existed 
during the Carboniferous period. The frequent occurrence of 
Coniferae in the Secondary deposits had been conclusively de- 
termined from numerous specimens; but, founding on what 
seemed a* large amount of negative evidence, it was concluded 
that, previous to the* Liasic age, nature ha(| failed to achieve a 
tree, and that the rich vegetation of the Coal Measures had 
been exclusively composed of magnificent immaturities of the 
vegetable kingdom,— of gigantic ferns and elub-mosses, that 
attained to the size of forest-trees, and of thickets of the 
swamp-loving horsetail family of-^plants, that well nigH rivaled 
in height^ those forests of masts which darken the rivers of our 
great commercial cities. Suck was the view promulgated by 
M. Adolphe Brogniart; and it may be well to remark that, so 
far as the evidence on which it wap based was -positive, the view 
was sound. It is a fact, that, inferior orders of plants were d^- 
velope^ in those ages in a style which in their present state of 
degradation they never exemplify ;• they took their place, not, 
as now, among the pigmies and abortions of creation, but 
among its tallest and goodliest productions. It is however, 
noi a fact that they were the highest vegetable forms of thfeir 
tim^. ' True exogenous trees also existed in great numbers and 
of vast size. In various localities in the coal fields of. both 
England and Scotland,. — such as Lennel Braes and Allan Bank 
in Berwickshire, High-Heworth, F^Uon, Gateshead, and Wide- 
open near Newcastle-upon-Tyne, 'and in quarries to the west 
of- the pity of Durham, — the most abundant fossils of the sys- 
tem are its true woods. In the quarry of Craigleith, near 
Edinburgh, three huge trunks have been laid open during the 
last twenty years, within the space of about a hundred and 
fifty yards, and two equally massy trunks, within half that 
space, in the neighboring quarry of Gran ton ; — all low in the 
Coal Measures. They lie diagooalljr athwart the strata,'— at 
an- angle of about^hirty,— with the neth^ and* weightier por- 
tion of their boles below, like snags in jbhe Mississippi; and we 
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infer, from their general direction, that the stream to ^nhiob 
they reclined must have flowed from nearly north-east to south- 
west. The current was probahly that of a noble river, which 
reflected on its broad bosom the shadow of many a stately tree. 
"With the exception of one of the Granton specimens, which still 
retains its strong-kneed roots, they are all mere portions of trees, 
rounded at both ends, as if by attrition or decay ; and yet one 
of these portions measures about dix feet in diameter by sixty- 
one feet in length ; another, four feet in diameter, by seventy 
feet in length; and the others,' of various thickness, but all 
bulky enough to equal the masts of large vessels, ranged in 
length from thirty- six to forty- seven feet, It seems strange 
to one who derives his supply of domestic fuel from the Dal- 
keith and Falkirk coal-fields, that the Carboniferous flora could 
ever have been described as d.avoid of ^ trees. I can scarce take 
up a piece of coal from.'beside my study fire without detecting 
in it fragments of carbonized wood, which aim est always ex- 
hil;)it the characteristic longitudinal fibers, and not unfrequently 
the medullary rays. Even the trap -rocks of the district in- 
close, in some instances, their masses of ligbite, which present 
in their transverse sections, when <;ut by the lapidary, the net- 
like reticulations of the coniferse. .Th^ fossil botanist, who* 
devoted himself chiefly to the study. of microscopia structure 
would have to decide, from the facts of the case, npt that trees 
were absent during the Carboniferous period, but that in con- 
sequence of their having been present in amazing numbers, 
their remains had entered more palpablj and extensively into 
the composition of coal than thos6 of any other vegetable.* 

. 5' It is stated by Mr. Witham, that, ** except in a feW iustancef, he had 
ineSecfually tried, with the aid of the mieroscope, to .obtain some insight 
into the structure of coal.. Owing,'' he adds, *<.to its great opacity, which 
is probably due to mechanical pressure, the action of chemical affinity, 
and the percolation of acidulous waters, all tracen of organization appear 
tflk have been obliterated." I havd heard Jt^ie late Mr. Sanderson, who, 
prepared for Mr- Witham most of. the specimens figured in his well- 
known -work •n the « Internal Structuca of Fossil Vegetable8»" and-. 
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So far as is yet kneWv, they all belonged to the two .great di- 
visions of the coniferous family, araucarians and pines. The 
huge trees of Craigleith and Granton were of the former tribe, 
and approximate more nearly to Allingia excelsq,, the Norfolk- 
Fig. 53 




. ALTINGIA BXCBLSA (NORPOLK-ISLAND PINS). 

From a young specimen in^he Botanic garden, Edinburglk. 

Island pine,-^a noble arauoarian, that rears its proud head from 
a hundred and sixty to two hundred fe^et over the soil, and ex- 

from whom the materials of his statement on this point, seem to have 
been derived, make a similar remark. It was rare, he said, to find a bit 
of coal that exhibitecf the organic structure. The case, however, is far 
otherwise ; and the ingenious mechanic and' his employer were misled, 
simply by the circumstance, that it Is rare to find pieces of coal which 
exhibit the ligneous frber, existing in a state of keeping solid ei^ongh to 
stand the grinding of the lapidary's whtfel. The lignite usually occurs 
in thin layers of a substance resembling soft charcoal, at which, from the 
loose adhesion of the fibers, the coal splits at a stroke; and as it cannot 
be prepared ay a trail sparency, it is best examined by a Stanhope lens. 
It will be found, tried in this* manner, that so far is vegetable fiber from 
being of rare occurrence in coal^ — our Scotch coal at least, — ^that almofit 
every cubic inch contains its hundreds, nay, its thousandA, of cellsl 
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hibits a green and luxuriant breadth of foliage rare among tbe 
Coniferse, — than any other living tree. 
. Beyond the Coal Measures terrestrial plants, become ex- 
tremely rare. The fossil botanist, on taking leave of the lower 
Carboniferous beds, qoits the lan^, and sets out to sea ; and it 
seems in no way surprising, that the specimens which he there 
adds to his herbarium should consist mainly of Fticacece and 
C(mfervece, The development hypothesis can borrow no support 
from the simple fact, that while a high terrestrial vegeta- 
tion grows upoA dry land, only algae grow in the. sea ^ and evea 
did the Old Bed Sandstone and Silurian systems furnish, as 
their vegetable organisms, fucoids exclusively, the evidence 
would amount to no more than pimply this, that the land of the 
Palaeozoic periods produced plants of the land, and the sea 
of the Palseozoio periods produced plants of the sea. 

In the . XJppei: Old Red Sandstone, — the formation of the 
Sdopiychitui and the Stagondepis, — thc$ only vegetable vemains 
which I have yet seen are of a character so exceedingly obscure 
and doubtful, that all Z oould venture to premise regarding 
them is, that they aetm to be* the fragments q^ sorely comvii- 
Buted fucoids. In th« formation of the Middle Old Eed, — 
that of the Cephakspis and the gigantic lobster of Carmylie, 
— ^the vegetable remains are at once more numerous and bettes 
defined. I have detected among the gray micaceous sandstones 
of Forfarshire, a fiicoid ^nished with a thick, squat stetn, that 
branches into numerous divergent leaflets or'fr^nds; of a slim 
parrallelogrammical, grass-like form» and which, as a whole, 
somewhat resembles •the scourge of cords attaiched to a handle 
with whicH a boy whips hia top. * And Professor Fleming de- 
scribes a still more remark&ble vegetable organism of the sAine 
formation, " which occurring in the form of circular, flat patches', 
composed each of n^n^erous. smaller contiguous circular pieces, 
la altogether notuVilike what might be expected to result from 
a compressed berry, such as the bramble or rasp." In the 
liower OW Red, — the formation of the Ooccosteus apd Cheira* 
eanthus, — the remains of fucoids, are more' numeitous still. 
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There are gray slaty beds among the rocks of Navity, that o^e 
their fissile character mainly to their layers of carbonized weed; 
and, "among the«rocks of Sandy-Bay, near Thurso," says Mr. 
Dick, " the dark impressions of large focoids are so nnmerons, 
that they remind one of the interlaced l>oughs and less btdky 
pine- trunks that lie deep in our mosses." A portion of a stem 
from the last locality, which I owe to* Mr.. Dick, measures three 
inches in diameter; but the ill-compacted cellular tissue of the 
algae is but indifferently suited for preseYvation ; and so it exists 
as a mere coaly film, scarcely half a line in thickness. 

The most considerable collection of the Lower Old Bed fn- 
coids which I have yet seen, is that of the Rev. Charles Clou^toB 
of Sandwick, in Orkney, — a skillful cultivator of geologioal 
science, who has specially directed his palaeontological inquiries 
on the vegetable' remains of the flagstones of his districf, as 
the department in which nsost remained to be done; but his 
numerous specimens only serve to show what a poverty-stricken' 
flora that of the ocean of the Lower Old Red Sandstone must 
have been. I could detect among them but two species of plants ; 
the one an imperfectly preserved Vegetable, more nearly resem- 
bling a club- moss than aught else which I have seen, but which 
bore on its surface, instead of the well-marked scales of the Ly- 
eapodiacece, irregular rows of tubercles, that, when elongated in 
the profile', as sometimes happens, might be mistaken for minute 
ill-defifaed leaves ; the other, a smoOth^temmed fucoid, existing 
on the stone in m'ost cases as a mere fihn, in which, however, 
thrckly-set • longitudinal fibers are occasionally traceable, and 
which may be always distinguished from the other .by its sharp- 
edged outline, and from the circumstance that itis stem's con- 
tinue to retain the same diameter for considerable distances, 
after throwing off at acute angles numerous branches nearly 
as bulky as themselves. In *a Thurso specimeh, about two fe^t 
in .length, Which I owe to the kindness of Mr. Dick, there are 
stems eontinuous throughout, that, though they ramify in that 
space into, from six to eight branches, are nearly as thick atop 
as at bottom. They are the^ remains^ in all probability, of a 
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long, flexible wc^d, that may have somewhat resembled those 
fucoids of the intertropical seas which, streaming slantwise in 
the tide, rise not nnfrequently to the surface in from fifteen to 
twenty fathoms water; and as, notwithstanding their obscurity, 

Fig. 54. 




/ FUCOIDS OF THE &OWER OLD RED SANDSTONE. 

a. Smooth^temmed Species. b. Thibercled specUs. 

(One-sixth nat. fize, linear.) 

they are among the most perfect specimens of theb class yet 
fou]nd, and contrast with the stately araucarians of the Coal 
Measures, ia a style which cannot fail to delight the heart of 
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ey^ aaseztor of the deyelopment hypothesis, I present them 
to the reader from Mr. Dick's. specimen, in a fignre (fig. 54) 
which, however slight its interest, has at least the merit of being 
trae. The §tone exhibits specimens of the two species of Mr. 
Clouston's collection, — the sharp -edged, finely striated weed, a, 
and that roaghcned by tubercles, h; which beside the distinctive 
character manifested on its surface, differs from the other in 
rapidly losing breadth with every branch which it throws off, 
and, in consequence, running soon to a point. The cut on 
this page (fig. 55) represents not inadequately the cortical 
peculiarities of the two speoies when best preserved. The 

Fig. 55. 




a. SvMUhsUtMMdsTpeeies, b. "Tubercledjfpteiti. 

• (Natnral vize.) . • • 

surface of the. tubercled one may perhaps remind the Algologiat 
of the knobbed surfaee of the thong or repeptacle of Bmam- 
thalia lorea, a recent fucoid, bommon on the western coast of 
Scotland, but rare on the east. Aq Orkney specimen lately 
sent me by Mr. William Watt, from a quarry at Skaill, has 
much the appearance of one of the smaller ferns, such as the 
moor-worts, sea spleen-worts, or maiden-hairs. It exists as an 
impression in dilujfced black, on a ground of dark gray, and has 
so little sharpness of outline, that,* like minute figures in ^- 
paintings, it seems more distinct when viewed at arm's length 
than when microscopically examined ; but enough remains to 
show that it must have been a terrestrial, not a onarine. plant 
The aocompanying print (fig. 56) may be regarded as no un- • 
ftfkhfvl representation of. this unique fossil in its state of im- 



THB FOSSIL FLORA. 9W 

perfect keeping, The vegetation of the Silurian system, from 
its upper beds down until where we reach the zero of life, is, 
like that of the Old Bed Sandstone, aknost exclusively fucoidal. 

Fig. 56. 




F£IUI 1 OF THB LOWER OLD RED SAMDSTOMX. 

• ... 

(Natural size.) 

In the older fossiliferous deposits of the system in Sweden, 
Bussia, the Lake Districts of England, Canada, and the United 
States, fucoids oceur, to the exclusion, so far as is yet known, 
of every other vegetable form ; and such is their abundance in 
some localities, that they render the argillaceous rocks in which 
they lie diffused, *capab^ of being fired as an alum slate-, and 
exiat in jotheirs as seams of a compact anthracite, occasionally 
used as fuel. They ako occur in those districts of Wales in 
which the^place and sequence of tho various Silurian forma- 
tions were first determined, though apparently in a state of 
keeping from which little, can be premised regarding their origi- 
nal forms. * Sir Roderick. Murchison sums up. his notice of the 
vegetable remains of the system in the province whence it de- 
rives its name,, by stating, mat he had submitted his specimens 
tQ "Mr. Robert Brown and Dr. Greville, and that neither of 
these eminent botanists were able to say much more regarding 
them than that they were, fuc|id-like bodies." 

Suck are the vegetable organisms of the Old Red Sand- 
18 
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Btone and SUnfian systems : they are the remains of the an- 
cient 'marine plants of ancient marine deposits, and, as snefa, 
lend quite as little support to the development hypothesis as 
the recent algse of our existing seas. The case stated in its 
most favorahle form, amounts simply to this, — that at certam 
early periods, — ^Represented by the Upper and Lower Silurian 
and the Old Eed deposits, — the seas produced sea-plants; and 
that at a certain later period, that of th& Carboniferous system 
— ^the land produced land -pi ants. But even this, did it stand 
alonOi would be a to4 favorable statement. I have on one oc- 
easion seen the fishejrman bring up with his nets, far in the open 
sea, a wild rose-bush, that, though it still bore its characteris- 
tic thorns, was in crusted with serpula, and laden with pendu- 
lous lobularia. It had* been swept from its original habitat by 
some river in flood, that had undermined and torn down the 
bank oi> which it gi'ew ; an'd, after floating about, mayhap for 
months, had become so saturated wiih water, that it could float 
no longer. And in that single rose-bush, dragged up to the 
light jeind air from its place among Sertularia, Flustra, Serpuk, 
And the deep-sea fucoids, I had as certain an evidence of the 
existence of the dicotyledonous plant, as if I had all the fam- 
ilies* of the Rosaceae before me. Now, we are furnished by the 
more ancient fotmatiotJs with evidence regarding the exisfenee 
of a terrestrial vegetation, such as that which therose-bnsh la 
this case supplied. We cannot expect that the prooft should 
be numerous. lu the chart of the Pacific attached to the bet- 
ter editions of "'Cook's Voyages," there are several notes 
along the tract of the great navigator, that indicate where, 
in mid ocean, trees or fragments of trees had been picked up. 
T^he^ entries, Jiowever, are but few, though they belong to aB 
the thtee voyages together : if I |6member aright, there are 
only five entries in all, — two in the Northern, and three in the 
Southern Pacific. The floating shrub or tr/ee, at tC great dis- 
tance from land, is^ of rare occurrence in even the preseat 
scene of things, though the bAadthof land be great, and 
trees numerous; and in the times of the Silurian and Old Bed 
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Sandstone systems, when the breadth of land was apparently 
not great, and trees and shrubs, in conseqaenfto, not numerons, 
it must have been of rarer occurrence still. We learn, how- 
ever, from Sir Charles Lyell, that in the *' Hamilton group of 
the United States, — a series of beds that corresponds in many 
of its fossils with the Ludlow rocks ' of England, plants allied 
to the Lepidodendra of the Carboniferous type are abundant ; 
and that in the lower Devol^ian strata of New York the same 
plants occur associated with ferns/' And I am able to de- 
monstrate, from an interesting fossil at present before me, that 
there existed in the period of the Lower Old Ked Sandstone, 
vegetable forms of a class greatly higher than either Zepido" 
dendra or ferns. 

In my little ^ork on the Old Bed Sandstone, I have refer- 
red to an apparent lignite of the Lower Old Red of Cromarty, 
which presented, when viewed by the microscope, marks of the 
internal fiber. The surface, when under the ^lass, resembled, 
I. said, a bundle of .borse -hairs lying stretched in pjarallellines : 
and in this specimen alone, it was added, had I found aught in 
the lower Old Red Sandstone approaching to proof of the ex- 
istence of dry land. About four years ago I had this lignite 
pvt stringently to the question by Mr. Sanderson ; and deeply 
interesting was the result. I must first mention, however, that 
there cannot rest the shadow of a doubt regarding the place of 
the organism in* the geologic scale. *It is unequivocally a 
fossil of the Lower Old R-ed Sandstone. ' I fbund it partially 
imbedded, with many other nodules half-disinterred by the sea, 
in an ichthyolitic deposit, a few hundred yards to the east of 
the tovm of Cromarty, which occurs more than four hundred 
feet over the Great Conglomerate b*ase of the system. A,no- 
dule that day immediately beside it contained a well-preserved 
speei&ien of the Cdccosteus Decipiens ; and in the nodule in 
which the lignite itself is contained (fig. 57) the practiced eye 
may detect i^ scattered group of scales of Diplamnthus, a 
scarce less characteristic organism of the 'lower formation.-^ 
And what, asks tl\e reader, is the ohtfracter of this ancient 
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vegetable, — ^the most ancient, by three whole formations, that 
has presented itsr internal struoture to the microscope ? Is it 
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UOMITB OF THB LpWER OLD RED 8AND8TOMB. 

(One-third nat..«ize, linear). 

as }ow in the scale of development as in the geological scale ? — 
Does this venerable Adam of the forest appear, like the Adam 
of the infidel, as a squalid, ill-formed isavage, with a rugged 
shaggy nature, which it would require the suggestive 'necessi- 
ties of many ages painfully to lick into civilization ? Or does 
it appear rather like the Adam of the poet and the theologian, in- 
tdependent, in its instantaneously- derived perfection, of all after 
development? . • . . 

." Adam, the'goodliest man of men since born 
His sons." 

Is its tissue vascular or cellular, or, like that of some of the 
cryptogamia, intermediate ? Or what, in fine, is the nature and 
bearing of it^ mute but emphatic, testimony, on that doc- 
trine of progressive development of late so strangely resus^ 
oitated ? . ; 

In the first place, then, this ancient fossil is a true- wood, — 
a Dicotyl^doneus or Folycotyledonous Oymnosperm, that, li)ce 
the |unes and larches of our existing forests, bore naked seeds, 
which, in their state of .germination, developed either double 
lobes to shelter the pmbryo within, or shot out a fringe pf ver- 
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tieillatQ spikes, which performed the same proteotire fanotioBS, 
and that, as it increased in bulk year after year, received its 
accessions of growth in outside layers. In the transverse sec- 
tion the cells bear the reticulated appearance which distinguish 
the coniferae (fig. 58, a) ; the lignite had boeh exposed in its 

Fig. 58. 




'limERNJLt fl¥knOTUKB OF LIONTTB OF LOW^ OLD RBli SANOSTOlfE. * 

a. Transverse section. 

b. Longitudinal section (^parallel to raditts, or medullary rays). 

c. Longitudinal section (^tai^geiUal, or parallel to the hark), 

(Mag. forty diameters). 

bed^to a considerable degree of pressure ; and so the openings 
somewhat resemble the meshes of a. net that has been drawn a 
little awry ; but no general obliteration of their original char- 
acter has taken place, save in minute patches, wh^re they have 
been injured by compression or the bituminizing process. All 
the tubes indicated by tha openings are, as in recent oonifbrae^ 
of nearly the same size ; and though, as in many of the mote 
aaoient lignited, thtsre kre no indications of annual rings, t&e 
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direction of the medullary rays is distinctly traceable. The 
longitndinal sections are rather less distinct than the transYerse 
one : jn the section parallel to the radius of the stem or bole 
the cirjcular discs of the coniferse were at first not at all de- 
tected ; and, as sinee shown by a very fine microscope, they ap- 
pear simply as double and triple lines of undefined dots (b), 
that somewhat resemble the stit)pled markings of the miniature 
painter ; nor are the openings^of the medullary rays firequent 
in the tangenta) section (e\ e, that parallel to the bark) (c) ; 
but nothmg can be better defined t]?an the peculiar arrange- 
ment of the woody fibber, and- the longitndinal form of the cells. 
Such is the character of this, the mosl ancient of lignites yet 
found, that yields tb the microscope the peculiarities of its ori- 
ginal structure. We find, in' it an Unfallen Adam, — not a half- 
developed savage.* . . 

On a point of such importance I fin^ it necessary to strengthen my 
testimony by auxiliary Qviddnce: . The foillowing is the jndgrment, on 
this ancient pettifaction, of Mn ^ieot of Edinburgh,— confessedly one 
of dur highest living Authorities in tliat .division of fossil botany which 
takes cognizance of the internal stf acture of Jignitesi and decides, from 
their anatomy, theis race and family i-^ - 

• «* Edinburgh, l9Ui July, 1845. 

" Dear Sir, — ^I have examined the strtictuje of the fossil wood which 
yeu found in the Old lied Sandstone at Cromarty, and have no hesita- 
tion in stating, that the reticulated texture of the transverse sekitioim, 
though somewhat compressed, clearly indicates a coniferous origin ; bat 
as t\ifiT9 is not the slightest trace of a disc to be seen in the longitudinal 
sections parallel to the medullary niys, it is impossible to say whether it 
beldngs to tlie Fine or An^ucarian divisioti. — ^t am, &c. 

"William Niool." 

It wil^ be seen tftot Mr. Nicol failed to detect what I now deem the 
discs of this conifer, — those stippled markings to which f* have referredt 
and which the engravej has indicated in no exaggerated style, in one of 
the longitudinal sections (b) of the wood-cut given above. Bat ^van 
w6re this portion of tbe evidence wholly wanting, we would be left in 
doubt, inconseqaence, not whether the pid Red lignite formed part of a 
true gymnosperraous tree, but whether that iree is now representsd by 
the pines ef Europe and America,. or hy ^e iairaucaiians of Ghfli and 
New Zealand. Were I to risk an opinion in tt department hot paitiei* 
lariy my province, it would be in favor of an araucariaa ivlationahipw 
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The olive leaf which the dove brought to Noah established 
at least three hnportant facts, and indicated a few more. It 
showed most conclusivelj that there was dry land, that .there 
were olive trees, and that the climate of the surrounding re- 
gion, whatever change it ulight have undergone, was still fa- 
vorable to the development of vegetable life. And, farther, it 
miffht be very safely inferred from- it,' that if olive trees had 
survived, other trees and- plants must have survived also ; and 
that the dark muddy prominences round which the ebbing cur- 
rents were fast sweeping to lower levels, would soon present, 
as in antediluvian times, their Coverings of cheerful green. — 
The olive leaf spoke not of merely a partial, but of a general 
vegetation. Now, the coniferous lignite of the Lower Old Red 
Sandstone we find charged, like the olive leaf, with a various 
and singvdaply interesting evidence. It is something to knoV, 
that in the times X)f the Coccostetis and Asierolepis there exist- 
ed dry land, and that that land wore, %s at after periods, its soft, 
gay mantle of green. It is something also to know, that the 
verdant tint was not owing to a profuse development of mere 
immatjirities of th'e vegetable kingdom, — crisp, slow-growing 
lichens, or watery spore-propagated fiingi that shoot up to their 
full size 'in a night, — ^noreven to an abundance of Ihe more 
highly org&uizcd families of the liverworts and'the^ mosses.r-*- 
These may have abounded' then, as now ; though we have not 
a shadow jof e*vidence that' they did. But while we have no 
proof whatever of thHr existence, wo have- conclusive proof 
that there •existed orders and families of a rank far above them. 
On the dry land of the Lower Old Red Sandstone, on which,* 
according 'to the theory of Adolphe Brognidrt, nothing higher 
than a lichen or a moss could have been expected, the ship car- 
peni^er might have hopefully taken ax in hand, to *explore 
the woods for some such stately pine as the one described by 
AHlt^n,— - ' f 

.; ' " Hewn on Norwegian hills, to be the qaast 

Of some S;reat admira]." 

.Viewed somply in its picturesque Aspect, this dive leaf of 
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the Old Red seems not at all devoid of. poetry. We sail up- 
ward in the high geologic zones, passing from ancient to still 
more ancient scenes of being ; and, as we voyage along, find 
ever in the surrounding prospect, as in the existing scene from 
which we set out, a graceful intermixture of land and water, 
continent, river, and sea. We first coast along the land of the 
Tertiary, inhabited by the strange quadrupeds of Cuvier, and 
waving with the reeds and palms of the Paris Basin ; the land 
of thq Wealden, with its gigantic iguanodon rustling amid its 
tree ferns and its cycadeae, comes next ; then comes the green 
land of the Oolite, with its little pouched, insectivorous quad- 
ruped, its flying reptiles, its vast jungles of the 'Brora equise- 
'tum, and its forests of the Helmsdale pine ; and then, dimly, as 
through a haze, wo' mai^k, a^we speed on, the thinly scattered 
}dands of the New Red Sandstone,* and pick up ia our course 
a large floating leaf, veintsd like that of a cabbage, which not a 
little puzzles the botani;3ts of the expedition. . And now we 
near the vast Carboiiiferous continent, and see along the tindu- 
lating outline, between us and the sky, the strange forms of a 
vegetation, compared with which that of every previously 
seen land seems stunted and poor*. Wg^ speed day after day 
alopg endless forests, in whicb gigantic cbib-mosse^ wave in 
air a hundred feet over head, and skirt interminable marshes, 
in which thickets of reeds overtop the mast-head. And, where 
mighty, rivers come rolling to the sea, we mark, through th^ 
long retiring vistas which they open into the interior, the 
higher grounds of the country covered wk^h coniferous trees, 
•and see doddered trunks of vAst size, like those of Granton 
and Craigleith, reclining under the banks in deep muddy 
reaches, with their decaying tops turned adown the current.— 
At length the furthermost promontory of this long range of 
coast comes full in view: we near it, — ^wehave come up abreast 
of it : we see the shells of the ]\(ountain Limestone jittering- 
white along its farther shore, and the green depths undef our 
keel lightened by the flush of innumierable corals ; and then, 
bidding farewell to the land ferever^— folr so the geologists of 
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but fiye years ago would have advised, — ^welaanclfinto tbenn^ 
measured ocean of the Old Red, witb its three oonsecutiTO 
zones of animal life. Not a single^atch of land more do those 
geologic charts exhibit which we still regard as new. The 
sones of the Silurian and Cambrian succeed the zones of the 
Old Red ; and, darkly fringed by an obscure bank of cloud 
ranged along the last zone in the series, a night that never dis- 
sipates settles down updn the deep. Our voyage, like that of 
the old fabulous navigators of five centuries ago, terminate? 
on the sea in a thick darkness, beyond which there lies no 
shore and there dawns no light. And it is in the middle of 
this vast ocean, just where the last zone of the Old Red leans 
against the first zone of the Silurian, that we^have succeeded 
in discovering a solitary island unseen before, — ^a shrub-bear- 
ing land, much enveloped in fog, but with hills that at least 
look green in the distance. There are patches of floating sea- 
weed much comminuted by the surf all around it ; and on one 
projectbg headland we see clear through our glasses a cone- 
bearing tree. 

This certainly is notthe sort of arrangement demanded by 
the exigencies of the development hypothesis. A true wood at 
the base of the Old Red Sandstone, or a true placoid in • the 
Limestones of Bala, very considerably bepeath the base of the 
Lower Silurian System, are untoward misplacements for the pur- 
poses of the Lamarc^ian ; and* who that has watched the pro- 
gress of discovery for the last twenty years, and seen the place 
of the earliest ichthyolite' transferred from the Carboniferous 
to the Cambrian system, and that of the earliest exogenous 
lignite from the Lias to the Lower Devo/iian, will now venture 
to say that fossil wood may not yet be detected as low in the 
scale as any vegetable organism whatever, or fossil fish as low 
as the remains of any animal ? But though the response of 
the earlier geologic systems be thus unfavorable to the develop- 
ment hypothesis, may not men such as the author of the '*' Ves- 
tiges '' urge, that the geologic evidence, taken as a whole, and 
in its bearing on groupes and periods, establishes the general 
19 
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fact that the lower plants and animals preceded the higher,— 
that the conifera, for instance, preceded our true forest trees, 
such as the oak and elm, — that, in like manner, the fish preced- 
ed the reptile, that the reptile preceded the bird, that the bird 
preceded the mammiferous quadruped and the quadrumana, 
and that the mammiferous quadruped and the quadrumana 
preceded man ? Assuredly yes ! They may and do urge that 
Oeology furnishes evidence of such a succession of existences ; 
9jfid the arrangement seems at once a very wonderful and very 
beautiful one. Of that great and imposing procession of be- 
ing of which this world has been the scene, the programme has 
been admirably marshale^. But the order of the arrangement 
in no degree justifies the inference based upon it by the Lam- 
arckian. The fact that fishes and reptiles' were created on an 
earlier day than the beasts of the field and the human family, 
gives no ground whatever for the belief that " the peopling of 
the earth was one of a natural kind, requiring time," or that 
the reptiles and fishes have been not ohly the predecessors, 
but also the progenitors, of the beasts and of man. The geo- 
logical phenomena, even had the author of the ** Vestiges " 
been consulted in their arrangement, and permitted to deter- 
mine their sequence, woidd yet have failed to. furnish, not 
merely an adequate foundation for the development hypothesis, 
but even the slightest presumption in it^ favor. In making 
good the assertion, may I ask the reader to follow me through 
the details of a simple though somewhat ■ lengthened illustra- 
tion? 
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SUPEKPOSmON NOT PARENTAL BEUTION. 

THE BEGINNINGS OF LIFE. • 



Sjbyxbal thousand years ago, ere the upheaval of the last of 
our raised beaches, there existed sc(^lewher6 on the British 
coast a submarbe bed, rich in sea- weed and the less destructi- 
ble zoophytes, and inhabited by the commoner crustacese and 
molluscs. Shoals of herrings frequented it every autumn, 
haunted by their usual enemies ihe dog-fish,* the cod, and the 
porpoise; and, during the other seasons of the year, it w&s 
swum over by the ling, the hake, and the turbot. A consider- 
able stream, that, traversed a wide extent of marshy country, 
waving with flags and reeds, and in which the frog and the newt 
bred by millions, entered . the sea a few hundred yards away, 
and bore down, when in flood, its modicum of reptilian re- 
mains, some of which, sinking over the sub-marine bed, found 
a lodgment ^t the bottom. Portions of feeds and flags were 
also occasionally entombed, rwith now and then boughs of the 
pine and juniper, -swept from the higher grounds. Through 
frequent depositions of earthy matter brought down by- the 
streamlet, and of sand thrown up by the sea, a gradual eleva- 
tion of the bottom went on, until at length the deep-sea-bed 
camp to exist as a^sTiallow bank, over which birds of the wader 
fanaily stalked mid-leg deep when plying for food ; and on one 
occasion a small porpoise, losing his way, and getting entangled 
amid .its shoals, perished on it, and left his carcass to be cover- 
ed up by its mud and silt,. That elevation of the land, or re- 
cession of the sea, to which the country owes its last acquired 
marginal strip of soil, took place, and the shallow bank be- 
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came a flat meadow, raised some six or eight feet above the 
sea-level. Herbs, shrubs, and trees, in course of time covered 
it over; and then, as centnrj succeeded century, it gathered 
atop a thick stratum of peaty mold, imbedding portions of 
birch and hazel bushes, and a few doddered oaks. When in 
this state, at a comparatively recent period, an Italian boy, ac- 
companied by his monkey, was passing over it, when the poor 
monkey, hard-wrought and ill-fed, and withal but indifferently 
suited originally for braving the rigors of a keen northern cli- 
mate, lay down and died, and his sorrowing master covered up 
the remains. Not many years after, the mutilated corpse of a 
poor shipwrecked sailor was thrown up; during a •night-storm, 
oil the neighboring beach : it was a mere fragment of the hu- 
man frame, — a moldering, unsightly mass, decomposing in the 
sun ; and a humane herd>-boy, scooping out a shallow grave 
for it, immediately over thai of the monkey, buried it up.' — 
Last of all, a farmer, bent on agricultural improvement, 
fnrrorwed the flaf meadow to the depth of some six or eight 
feet, by a broad ditch, that laid open its organic contents from 
top to bottom. And then a philosopher of the school of 
Maillet and Lamarck, who had chanced to come that way, 
stepped aside to examine the phenomena, and square them 
with his theory. 

First, along the Bottom of the deep ditch Ke .detects' marine 
organisms of a low order, and generally of a small size. There 
are dark indistinct markings traversing the gray silt,- whiah he 
correctly enough regards as the remains of fucoids ; and blent 
with these he* 'finds the stony colls of ffastra, the calcareous 
spindles of the sea-pen, the spines of echinus, and the thin 
granular plates of the Crustacea. Layers 'of mussel and peb- 
ten shells come next, mixed up with the shells of buccinum, 
natica, and frochus. Over the shells there occur defensive 
spines of the dog-fish, blent with* the button-like, thornset 
boucles of the ray. And the minute skeletons of herrings, 
with the vertebral and oerebral bones of cod, rest over these; in 
turn. He finds also well-preserved bits of reed, and a frag- 
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ment of pine. Higher ap, the well-marked bones of the frog 
occur, and the minute skeleton of a newt; higher etill, the 
bones of birds of the diver family ; higher still, the skeleton 
of a porpoise ; and still higher, he discovers that of a monkey, 
resting amid the decayed boles and branches of dicotyledonous 
plants and trees. He pursues his search, vastly delighted to 
find his doctrine of progressive development so beautifully illus- 
trated ; and last of all, he detects, only a few inches from the 
surface, the broken remains of the poor «ailor. And, having 
thus ooUected his facts, he sets himself to collate* them with 
his hypothesis. To hold that the zoophytes had been created 
Eoophytes, the molluscs molluscs, the fishes fishes, the reptiles 
reptiles, or the man a man, would be, according tq our philo- 
sopher, alike derogatory to the divine wisdom and to the acu- 
men and vigor of the human intellect : it would be ** distressing 
to him to be compelled to picture th^moer of God, as put forth in 
any other manner than in those slow, mysterious, umversal laws, 
which have so plainlt/ an eternity to work in; " nor, with so 
large an amount of evidence before him as that which the 
ditch furnishes, — evidence conclusive to the effect that creation 
is but dA^lppment, — does he find it necessary either to cram]9 
his facultjied or outrage his taste, by a weak yielding to the re- 
quirements o¥ any such belief^ 

Meanwhile, 'the* farmer, — a plain, observant, elderly man, 
oomes up, and he and th^ philgsopher enter into conversation. 
*^I have been reading the history pf creation in the side of 
.your deep ditch," says the philosopher, " and find the record 
really very complete^ Look there," he adds, pointing to the 
unfossiliferous strip that runs along the bottom of the bank ; 
'''there, life, both vegetable And animal, first began. It began, 
strtick by electricity out of albumen, as a congeries of minute 
globe-shaped atoms, .tech a hollow sphere within a spheroy^as in 
the well-known Chinese puzzle; and from these living atoms 
wete all thj higher forms progressively developed. The ditch, 
of course, ezfatbits none of the atoms with which being first 
oommeaoed ; for the atoma don't keep ; — ^we merely see their 
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plafee indicated by that unfoseiliferous band at the bottom; 
but we may detect itfimediately over it almost the first organ- 
isms into which, — parting thus early into the two great 
branches of organic being, — they were developed. Th£re are 
the fucoids, first-born among vegetables,-^and there the zoo- 
phytes, well nigh the lowest of the animal forms. The fucoids 
are marine plants ; for, according to Oken, ' all life is from the 
sea, — none from the continent ;' but there, a few feet higher, 
we may see the remains of reeds and flags, — semi-aqueous> 
semi-aerial plants, of the comparatively low monoeotyledonous 
order into which the fucoids were developed ; higher still we 
detect fragments of pines, and, I think, juniper, — ^trees and 
shrubs of the land, of an intermediate order, into which the 
reeds and flags were developed in turn ; and in that peaty layer 
immediately beneath the vegetable mold, there occur boughs 
and trunks of blackened oa]^-^a noble tree of the dicotyle- 
donous division, — the highest to which vegetation in its up- 
ward course has yet attained. Nor is the progress of the other 
great branch of organized being, — that of the animal kingdom, 
— less distinctly traceable. The zoophytes became Crustacea 
and molluscs, — the Crustacea and molluscs, dog-fis^igfSMind her- 
rings, — the dog-fish, a low placoid, shot up chiefly wo turbot, 
^cod, and ling ; but the smaller Qsseous fish was ^dually con- 
verted into a batrachian rep*tile ; in short, the herring became 
a frog, — an animal that still testifies to itsiehthyological origin; 
by commencing life as a fish. Gradually,* in the course of 
years, the reptile, expanding in size and improving in facultj[, 
passed into a warm-blooded porpoise; the. porpoise at length, 
tiring of the water as he began to know better, quitted it altor 
gether, and became a monkey, and the monkey, by bIow de^ 
grees, improved into man, — ^yes, into toan, mj^Mend, whoias 
still a tendency, especially when just shooting up to his ftdl 
stature, and studying tho '"Vestiges,' to resume the monkey. 
Such, sir, is the true history of creation, as clearly igscordcd in 
the section of earth, moss, and silt, which you have so oppor- 
tunely laid bare. Where that ditch now opens, the genm- 



NOT PARBNTAL BSLATION. 219 

tioDS of the man atop lived, died, and were developed. Ther^ 
flonrished and decayed bis great-great-great-great-grandfather, 
the sea-pen, — ^his great-great-great-grandfather, the mussel, — 
his great-great-grand£Either, the herring, — his great-grandfa- 
ther, the frog, — ^his grandfather, the porpoise, — ind his father, 
the monkey. And there also lived, died, and were developed, 
the generations of the- oak, from the kelp -weed and tangle to 
the reed and the flag, and from the reed and the flag to the 
pine, the juniper, the hazel, and the birch." 

" Master," replies the farmer, " I see you are a scholar and, 
I suspect, a wag. It would take a great deal of believing to 
believe all that. In the days of my poor old neighbor, the in- 
fidel weaver, who died of delirium tremens thirty years ago, I 
used to read Tom Paine ; and, as I was a • little wild at the 
time, I was, I am afraid, a bit of a sceptic. It .wasn't easy 
work always to be as unbelieving as Tom, especially when the 
conscience within got queasy ; but it would be a vast deal 
easier. Master, to doubt with Tom than to believe with you. I 
am a plain man, but not quite a fool ; and as I have now been 
looking about me in this neighborhood for the last forty years, 
I have co^e to know that it gives no assurance that any one 
thing grew'^eut of any other thing because it chances to be 
found atoy of it. Master. See, yonder is Dobbin lying lazily 
atop of hi^ bundle of hay ; . and yonder little Jack, with bridle 
in hand, and he in a fe*w minutes will be atop of Dobbin. And 
all I see in that ditch, Master, from top to bottom, is neither 
more nor less than a certain top-upon-bottom order of things. I 
see sets of bonds' and dead plants lying on the top of other sets 
of bones and dead plants, — Uiings .lying atop of things, as I 
say, like Dcfbbi'n on the hay, and Jack upon Dobbin. I doubt 
not the sea was once here. Master, • just as it was once where 
you see the low-lying field yonder, which I won from it ten 
years agp. I have carted tangle and kelp-weed where I now 
cut clover and rye- grass, and have gathered periwinkles where 
I now see snails. But it is clean against experience^ as my poor 
old. neighbor, the weaver, used to say, — ^against* 91^ expert- 
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ence, JMlaster,^— that it was the kelp-weed that became the xye- 
grass, or that the periwiiikles fre3bened into snails. The kcdp* 
weed and periwinkles belong to those plants and animals of the 
sea that we find growing in ordy the sea ; the rye-grass and 
snailS) to thode plants and animals of the land that we find 
growing on cfrdy the land. It is contrary to all experience, and 
all testimony too, that the one passed into the other, and so I 
cannot believe it ; bnt I do and must believe, instead, — ^for it 
is not contrary to experience, and much according to testi- 
mony, — that the Author of all created both land productions 
and s^a productions at the ' times before appointed,' and ' de- 
tennined the bounds of their habitation.' * By faith we under- 
stand that the worlds were framed by the word of God ; ' and 
I find I can be a believer on God's terms at a much less- ex- 
pense of credulity than an infidel on yours." 

But in this form at least it can be scarce necessary that the 
argument should be prolonged. 

The geological phenomena, I repeat, even had the author of 
the '' Vestiges" been consulted in their arrangement, and per- 
mitted to determine their sequence, would fail to famish a 
single presumption in favor of the development * hypothesis: 
Does the di(ch-side of my illustration furnish it with a single 
favoring presumption ? The arrangement and sequefltse of the 
various organisms are complete in both the zoological" and phy- 
tological branch. The flag and reed succeed .the fucoid; the 
fir and juniper succeed the flag and reed ; and the hazel, birch, 
and oak succeed the fir and juniper. In like manner, and 
with equal regularity, zoophytes, the radiata, the articulata, 
moUusea, fishes, reptiles, birds, ^nd manmials, are ranged, the 
superior in succession over the inferior classes, in the true as- 
cending order; and yet we at onee see that the evidence of the 
ditch- side, amounting, in the aggregate, to no more than this^ 
that the remains of the higher lie over those of the lower or- 
ganisms, gives not a shadow of support to the hypothesis tliat 
the lower produced the higher. For, according to the honest 
farmer, the fact that any one thing is found lying on the top of 
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any other thing, fdmishes no presumption whatever that the 
thing below stands in the relation of parent to the thing above. 
And the evidence which the well-ranged organisms of the 
ditch-side do not furnish, the organisms of the entire geologic 
scale, even were they equally well ranged, would fail to supply. 
The fossiliferous portion of the ditch-side of my illustration 
may be, let us suppose, some five or six feet in thickness ; the 
fossiliferous portion of the earth's crust must be some five or 
six mJlAB in thickness. But the mere circumstance of space 
introduces no new element into the question. Equally in 
both cases the fact of superposition is not ideniical with the 
fact of parental relation, nor even in any degree an analogous 
fact. 

As, however, the succession of remains in the fossiliferous 
series of rocks is infinitely less favorable to the development 
hypothesis than that of the organisms of the ditch- side, it is 
not very surprising that the disciples of the development 
school should be now evincing a disposition to escape from the 
ascertained facts, of Geology, and the legitimate conclusions 
based upon these, unto unknown and unexplored provinces of 
the science ; or that they should be found virtually urging, 
that though some of the ascertained facts may seem to bear 
against th^m, the facts not yet ascertained may be found tell- 
ing in their favor. Such, in effect, is the course taken by the 
author of the "Vestiges," in his "Explanations," wheo, 
availing himself of a difference of opinion which exists among 
some of our most accomplished geologists regarding the first 
epochs of organised existence, he takes part with the. section 
who hold that we have, not yet penetrated to the deposits rep- 
resentative of the ^dawn of being, and that fossil- charged for- 
mations may yet be detected beneath the oldest rocks of what 
is now regarded as the lowest fossiliferous system. Sir Oharles 
Lyell and Mr. Leonard Horner represent the abler and bet- 
ter-known assertors of this last view ; while Sir Roderick Mur- 
chison and Professor Sedgwick rank among the more distin- 
guished assertors of the antagonist one. It would be of 
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coarse utterly presumptuous in the writer of these pages to 
attempt deciding a question regarding which such men differ ; 
but in forming a judgment for myself, various considefations 
incline me to hold, that the point is now very nearly determin- 
ed at which, to employ the language of Sir Roderick, ** life 
was first breathed into the waters." The pyramid of organiz- 
ed existence, as it adcends into the by-past eternity, inclines 
sensibly toward its apex, — that apex of " hegirming " in 
which, on far other than geological grounds, it is our privil^e 
to believe. . The broad base of the superstructure, planted on 
the existing now, stretches across the entire scale of life, animal 
and vegetable ; but it contracts as it rises into the past ; — man, — 
the quadrumana, — the quadrupedal mammal, — the bird, — ^and 
the reptile, — are each in succession struck from off its breadth, 
until we at length see it with the vertebrata, represepted by 
Only the fish, narrowing, as it were, to a point ; and though the 
clouds of the upper region may hide its extreme apex, we infer 
from the declination of its sides, that it cannot penetrate much 
farther into the profound. When Steele and Addison were en- 
gaged in breaking up, piecemeal, their Spectator Club,. — ^Bll- 
ing off good Sur Roger de Coverly with a deduction, marrying 
Will Honeycomb to his tenant's daughter, and sending away 
Captain Sentry and Sir Andrew Freeport to their estates in 
^the country, — it was shrewdly inferred that the " Spectator *' 
himself was very soon to quit the field ; and the sudden dis- 
continuance of his lucubrations justified the inference. And 
a corresponding style of reasoning, based on the corresponding 
fact of i;he breaking up and piecemeal disappearance of the 
group of organized being, seems equally admissible. It is 
somewhat difficult to conceive how at least many more vol- 
umes of the geologic record than the known ones could 
be got up without the club. Further, so far as yet appeacs, the 
fish must have lived in advance of the reptile during the three 
protracted periods of the. Old Red Sandstone, the two still 
more protracted periods of the Upper and. Lower Silurians, and 
the perhaps more protracted period stiU of the Cambrian de- 
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posits ; — in all, apparently, a greatly more extended spaoe than 
that in which the reptile lived in advance of the quadrupedal 
mammal, or the quadrupedal mammal lived in advance of man. 
On principles somewhat similar to those on which, with refer- 
ence to the average term of life, the genealogist fixes the prob- 
ahle period of some birth in his chain of succession of which 
he cannot determine the exact date, it seems natural to infer 
that the birth of the fish should have taken place at least not 
earlier than the times of the Cambrian system. 

There is another consideration, of at least equal, if not 
greater weight. A general correspondence is found to olibain 
in widely- separated localities, in the organic contents of that 
lowest land of the Lower Silurian or Cambrian system in which 
fossils have been detected. In Enssia, in Sweden, in Norway, 
in the Lake district of England, and in the United States, there 
are certain rocks which occupy relatively the same place, and 
inclose what may be described generally as the same remains. 
They occur in Scandinavia as that "fucoidal band " of Sir Ro- 
derick Murchison which forms the base of the vast Palseosoio 
basin of the Baltic ; they exist in Cumberland and Westmore- 
land as the Skiddaw slates of Professor Sedgwick, and bear 
also their fucoidal impressions, blent with graptolites; they 
are present in North America as those Potsdam Sandstones of 
the States' geologists in which fuooids so abound, mixed with 
a minute lingula, that they impart to some portions of the 
strata a carboniferous character. But with these deep-lying 
beds in all- these several localities, thousands of miles apart, 
fossils cease. And why cease with them ? In one locality the 
ancient ocean may have been of such a depth in the period im- 
mediately previouSy and represented, in consequence, by the 
strata immediately beneath, that no animal could have lived at 
its-bottqpi, — though I do not well see why the remains of those 
ajiimals who, like the shark and pilot-fish, are frequently 
seen Swimming over the profoundest depths, might not, did 
suqh exist at the time, be notwithstanding found at its bot^* 
torn ; or in another locality every traed of organization in the 
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Aether rocks may haye been obliterated, at some posterior peri-* 
od, bj fire. But it is difficiilt to imagine that that uniform 
cessation of organized life at one point, which seems to have 
eonducted Sir Roderick Murchison and Professor Sedgwick to 
their conclusion, should have been thus a mere effect of acci- 
dent. Accident has its laws, but uniformity is not one of 
them ; and should the experience be invariable, as it already 
seems extensive^ that immediately beneath the fiicoidal beds 
organic remains cease, I do not see how the conclusion is to be 
avoided, that they represent the period in which at least exiH- 
encei capable of pre^ervaiion were first introduced. Every case 
of coincident cessation which has occurred since the determin- 
ation of the second case, must be reckoned, 4iot simply as an 
additional unit in evidence, but, on the principles which deter- 
mine mathematical probability, as a unit multiplied, first by the 
chances against its occurrence, regarded as a mere contingency 
in that exact formation, and second, by the sum of all the pre- 
vious occurrences at the same point. 

In this curious question, however, which it must be the part 
of future explorers in the geologic field definitely to settle, the 
Lamarckian can have no legitimate stake. It is but natural 
that, in his anxiety to secure an ultimate retreat for his hy- 
pothesis, he should desire to see that darkness in which ghosts 
love to walk settling down on the extreme verge of the geologi- 
cal horizon, knd envelopiDg in its folds the first beginnings of 
Hfe. But even did the cloud exist, it is, if I may so express 
myself, on its nearer side, where there is light, — not within nor 
beyond it, where there is none, — that the battle must be fought. 
It is to Geology as it is known to be that the Lamarckian has 
appealed, — ^not to' G-eology as it is not known to be. He has 
summoned into court existing witnesses ; and, finding their tes- 
timony unfavorable, he seeks to neutralize their evidence, by 
calling from the " vasty deep " of the unexamined and the o\^ 
scure, witnesses that. "won't come,'* — ^that by the legitimate 
authorities are riot known to exist, — and with which he him- 
self is, on his own confe^ion, wholly unacquainted, save in the 
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1 old scholastio character of mere possibilities. The possible 

I fossil can have no more standing in this controversy than the 

, **possU)le angeV^ He tells us that we have not yet g<^t down 

, to that base-line of all the fossiliferous systems at which life 

^ first began ; and very possibly we have not. But what of 

that ? He has carried his appeal to Geology as it is ; — he has 
referred his case to the testimony of the known witnesses, for 
in no case can the unkrwwn ones be summoned or produced. It 
is on the evidence of the known, and the known only; that the 
, exact value of his claims must be determined ; and his appeal, 

to the unknown serves but to show how thoroughly he himself 
feels that the actually ascertained evidence bears against 
him. The severe censure of Johnson on reasoners of this class 
is in no degree over-severe. "He who will determine," said 
the moralist, *^ against that which he knows, because there may 
be something which he knows not, — ^he )that can set hypotheti- 
cal possibility against acknowledged certainty, — ^is not to be ad- 
mitted among reasonable beings." 

But the hpnest farmer's reminiscences of his deceased neigh- 
bor £he weaver, and his use at second-hand of Hume's expe- 
rience-argument, naturally lead me to another branch of the 
subject. 
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lAMARCKIAN HYPOTHESIS OF THE ORIGIN OF PLANTS. 

ITS CONSEQUENCES. 



I HATE said that the curiously-mixed, semi-maiine, semi- 
lacnstrine flora of the Lake of Stennis became associated in 
my mind, like the ancient Asterolepis of Stromness, with the 
development hypothesis. The fossil, as has been shown, repre* 
sents not inadequately the geologic eyidenee in the question ; — 
the mixed vegetation of the lake may be regarded as forming 
a portion of the phytological evidence. 

"All life," says Oken, "is from the sea. Where the sea 
organism, by self-elevation, succeeds in attaining into form, 
there issues forth from it a higher organism. Love arose cat 
of the sea foam. The primary mucus (that in which electri- 
city originates life) was, and is still, generated in those very 
parts of the sea where the wateir is in contact with earth and 
air, and thus upon the shores. The first creation of the or- 
ganic took place where' the first mountain summits projected 
out of the water, — indeed, without doubt, in India, if the 
Himalaya be the highest mountain. The first organic forms, 
whether plants or animals, emerged from the shallow parts of the 
sea.** MaiUet wrote to exactly the same effect a full century 
ago. "In a word," we find him saying, in his "Telliamed," 
" do not herbs, plants, roots, grains, and all of this kind that 
the earth produces and. nourishes, come from the sea ? Is it 
not at least natural to think so, since we arc certain that all 
our habitable lands came originally from the sea ? Beside, in 
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small islands &r from the coDtinent, which have appeared but 
a few ages ago at most, and where it is manifest that nev^r any 
man had been, we find shrubs, herbs, roots, and sometimes ani- 
mals. Now, you must be forced to own either that these pro- 
ductions owed their origin to the sea, or to a new creation, 
which is absurd." 

It is a curious fact, to which, in the passing, I must be per- 
mitted to call the attention of the reader, that all the leading 
assertors of the development hypothesis have been bad geolo- 
gists. Maillet had for his errors and deficiencies the excellent 
apology that he wrote more than a hundred years ago, when the 
theory of a universal ocean, promulgated by Leibnitz nearly a 
century earlier, was quite as good as any of the other theories 
of the time, and when G-eology, as a science, had no existence. 
And so we do not wonder at an ignorance which was simply 
that of his age, when we find him telling his readers that 
plants must have originated in the sea, seeing that " aU our 
habitable lands came originally &om the sea;" mqaning, of 
course, by the statement, not at all what the modern geologist 
would mean were he to employ even the same words, but sim- 
ply that there was a time when the universal ocean covered the 
whole.globe, and that, as the waters gradually diminished, the 
loftier mountain summits and higher table-lands, in. appearing 
in their new character as islands and continents, derived their 
flora from what, in a universal ocean, could be tjie only possi- 
ble existing flora, — that of the sea. But what shall we say of 
the equally profound ignorance manifested by Professor Oken, 
a living authority, whom we find prefacing for the Ray Society, 
in 1847, the English translation of his " Elements of Physio- 
philosophy ? " " The first creation of the organic took place,-" 
we find him saying; " where the first mountain summits pro- 
jected out of the se^f-^indeedf wUhxmt doubt f in Indian if ike 
Bmalaya he the highest mountain.'' Here, evidently, in this 
late age of the world, in which Geology does exist as a science, 
do W9 find the ghost of the universal ocean of Leibnitz walking 
onpe more, as if it had never been laid. Is there now in all 
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Britain even a tyro geologist so unacquainted with geologioal 
&ot a^ not to know that the richest flora which the glohe evw 
saw had existed for myriads of ages, and then, becoming ex- 
tinct, had slept in the fossil state for myriads of ages more, 
ere the highest summits of the Himalayan range rose over the 
surface of the deep ? The Himalayas, disturbed, and bore up 
along with them in their upheaval, vast beds* of the Oolitic 
system. Belemnites and ammonites have been dug out of 
their sides along the line of perpetual snow, seventeen thou- 
sand feet over the level of the sea. What in the recent period 
form the loftiest mountains of the globe, existed as portions of 
a deep-sea bottom, swum over by the fishes and reptiles of the 
great Secondary period, when what is now Scotland had its 
dark forests of stately pine, — represented in the present age of 
the world by the lignites ef Helmsdale, Eathie, and Eigg,-^and 
when the plants of a former creation lay dead and buried deep 
beneath, in shales &nd fire-clay,— existing as vast beds of coal, 
or entombed in solid rock, as the brown massy trunks of Gran- 
ton and Craigleith. And even ere these last existed as living 
trees, the coniferous lignite of the Lower Old Red Sandstone 
found at Cromarty, had passed into the fossU state, and lay as 
a semi-calcareous, semi-bituminous mass, amid perished JHp^ 
terians and extinct Coccostei, So much for the Greology of the 
German Professor. And be it remarked, that the actualities in 
this -question can be determined by only the geologist. The 
mere naturalist may indicate from the analogies of his science, 
what possibly might have taken place ; but what really did 
take place, and the true order in which the events occurred, 
it is the part of the geologist to determine. It cannot b^ 
out of place to remark 'farther, that geological discovery is in 
no degree responsible for the inficfelity of the development 
hypothesis: seeing that, in the first place, the hypothesis 
is greatly nwre ancient than the discoveries, and, in the second, 
that its more prominent assertors are exactly the men who know 
least of geological fact. But to this special point I shall again 
refer. . \ 
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The author of the "Vestiges" is at one, regarding the sup- 
posed marine origin of terrestrial plants, with MaiUet and Oken ; 
and he regards the theory, we find him stating in his " Expla- 
nations," as the true key to' the well-established fact that th.e 
vegetation of groupes of islands generally corresponds with that 
of the larger masses of land in their neighborhood. Marine 
plants of the same kinds crept out of the sea, it would seem, 
upon the islands on the one hand, and upon . the larger masses 
of land on the other, and thus produced the same flora in each ; 
just as tadpoles, after passing their transition state, creep out 
of their canal or river on the opposite banks, and thus give to 
the fields or meadows on the right-hand side a supply of frogs, 
of the same appearance and size as those poured out upon the 
fields and meadows of the left. ** Thus, for example," we find 
him saying, " the Galapagos exhibit general characters in com- 
mon with South America ; and the Cape de Verd islands, with 
Africa. They are, in Mr. Darwin's happy phrase, satellites to 
those continents, • in respect of natural history. Again," he 
continues, "when masses of land are only divided from each 
other by narrow seas, there is usually a community of forms. 
The European and African shores of the Mediterranean present 
an example. Our own islands afford another of far higher 
value. It appears that the flora "of Ireland and Great Brii;ain 
is various, or rather that we have five floras or distinct sets of 
plants, and that each of these is partaken of by a portion of 
the opposite continent. There are, first, a flora confined to the 
west of Ireland, and imparted likewise to the north-west of 
Spain ; second, a flora in the south-west promontory of Eng- 
land and of Ireland, extending across the Channel to the north- 
west coast of France ; third, 8ne common to the south -cast of 
England and north of France ; fourth, an Alpine flora deve- 
loped in the Scottish and Welsh Highlands, and intimately 
velated to that of the Norwegian Alps; fifth, a flora which 
prevails over a large part of England and* Ireland, * mingled 
with other floras, and diminishing slightly as we proceed west- 
ward:' this bears iptimate relation with the flora of Ger- 
20 
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many. Facts so remarkable would force tbe meanest £ict- 
collector or species-demonstrator into generalization. The 
really ingenious man who lately brought them under notice 
(Professor Edward Forbes), could only surmise, as their expla- 
nation, that the spaces now occupied by the intermediate seas 
must have been dry land at the time when these floras were 
created. In that case, either the original arrangement of the 
floras, or the selection of land for submergence, must have been 
apposite to the case in a degree far from usual. The necessity 
for a simpler cause is obvious, and it is found in the hypothesis 
of a spread of terrestrial vegetation from the sea into the Umds 
adjacent. The community of forms in the various regions op- 
posed to each other, merely indicates a distinct marine crea- 
tion in each of the oceanic areas respectively interposed, and 
which would naturally advance into the lands nearest to 
it, as far as circumstances of soil and climate were found 
agreeable." 

Such, regarding the origin of terrestrial vegetation, are the 
views of Maillet, Oken, and the author of the "Vestiges." 
Thjey all agree in holding that the plants of the land existed 
in their first condition as weeds of the sea. 

lict me request the reader, at this stage, ere he pass on to 
the consideration of the experience-argument, to remark a few 
incidental, but by no means unimportant, consequences of the 
belief. And, first, let him weigh for a moment the comparative 
demands on his credulity of the theory by which Professor 
Forbes accounts for the various floras of the British Islands, 
and that hypothesis of transmutation which the author of the 
''Vestiges" would so fain put in its place, as greatly more sim- 
ple, and, of course, more in acc(*dance with the principles of 
human belief. In order to the reception of the Professor's 
theory, it is necessary -to hold, in the first place, that the crea- 
tion of each species of planC took place, not by repetition of 
production in Vai*ious widely separated cenjkers, but in some 
single cen^r, from which the species propagated itself by seed, 
bud, or scion, across the special area which it is now- found to 
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occupy. And this, in the first instance, is, of coarse, as much 
an assumption as any of those assumed numbers or assumed 
lines with nrhich, in algebra and the mathematics, it is neces- 
sary in so many calculations to set out, in quest of some re- 
qoired number or line, which, without the assistance of the 
assumed ones, we might despair of ever finding. But the as- 
sumption is in itself neither unnatural nor Tiolent ; there are 
various very remarkable analogies which lend it support ; the 
facts which seem least to harmonize with it are not wholly 
irreconcilable, and are, beside, of a merely exceptional char- 
acter; and, further, it has been adopted by botanists of the 
highest standing.* It is necessary to hold, in the second place. 



* The following digest, from Professor Balfour*s very admirable 
''Manual of Botany," of what is held on this curious subject, may be 
not unibceptable to the reader. <<It is an interesting question to deter- 
mine the mode in which the various species and tribes of plants were 
originally scattered over the globe. Various hypotheses have been ad- 
vanced on the subject. Linneus entertained the opinion that there was 
at first only one primitive center of vegetation, from which plants were 
distributed over the globe. Some, avoiding all discussions and difficul- 
ties, suppose that plants were produced at first in the localities where they 
are now se^en vegetating. Others think that each species df plant origi- 
nated in, and was diffused from, a single primitive center ; and that there 
were numerous such centers situatec^in different parts of the world, each 
center being the 'seat of a particular number of species. They thus ad- 
mit great vegetable ^ligratious, similar to those of the human races. 
Those who adopt the latter view recognize in the distribution of plants 
some of the last revolutions of our planet, and the action of numerous 
and varied forces, which impede or favor the dissemination of vegetables 
in the present day. They endeavor to ^ascertain the primitive flora of 
countries, and to trace the vegetable migrations which have taken place. 
Daubeny says, that analogy favors the snpposi^on that each species of 
plant was originally formed in some particular locality whence it spread 
itself gradually over a certain area, rather than- that the earth was at 
once, by the fiat of the Almighty, covered with vegetation in the man- 
ner we at present behold it. The human race rose from a single' pair ; 
and the distribution of plants and animaht over a certain definite area 
would seem to imply that the same was the general- Imt. Analogy 
would Iea4 us to believe that the extension of species over the*eartb origi- 
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in order to the reception of the theory, that the area of the 
earth's surface occupied by the British islands and the neigh- 
boring coasts of the Continent, once stood fifty fathoms higher, 
in relation to the existing sea-level, than it does now, — a be- 
lief which, whatever its specific grounds or standing in this 
particular case, is at least in strict accordance with the gene- 
ral geological phenomena of subsidence and elevation, and 
which, so far from outraging any experience founded on obser- 
vation or testimony, runs in the same track with what is known 
of wide areas now in the course of sinking, like that on the 
Italian coast, in which the Bay of Bai» and the ruins of the 
temple of Serapis occur, or that in Asia, which includes the 
Eun of Cutch ; or of what is known of areas in the course of 
rising, like part of the coast of Sweden, or part of the coast 
of South America, or in Asia, along the western shores of 
Aracan. Whereas, in order to close with the simpler ^m&go- 
nistic belief of the author of the "Vestiges," it is necessary 
to hold, contrary to all experience, that didce and ken-ware^ 
became, through a very wonderful metamorphosis, cabbage and 
spinach; that kelp- weed and tangle bourgeoned into oaks and 
willows; and that slacks rope-weed^ and green'raw,\ shot up 
into mangel-wurzel, rye-grass, and clover. Simple, certainly ! 
An infidel, on terms such as these, could, with no propriety, be 
regarded as an unbeliever. It Is well that the New Testament 
makes no such extraordinary demands on human creduBty. 

Let us remark further, at this stage, that, judging from t}ie 
g-enerally received geological evidence in the case, very little 

nally took place on the same plan ou nrhich it is condacted at present, 
when a new island starts up in the midst of the ocean, produced either by 
a coral reef or a volcano.. In these cases the whole surface is not at 
once overspread with •plants, but a gradual progress of vegetation is 
tfiaced from the accidental introduction of a single seed, perhaps, of each 
species, wafted by winds, or floated by currents. The remarkable limi- 
tation of certain species to single spots on the globe seems to favor tho 
supposition of spedific centers." ' ' 

« Rhadymenia*ptdmata and AUkria.eBCuUnta. 

t Porphfffa iadniata, Chorda JHwut and Erderomorpha oompr^tfa. 
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time seems to be allowed by the author of the " Vestiges*" for 
that miraculous process of transmutation through 'v^ich the 
low algdd of our sea- shores are held to have passed into the 
high orders of plants which constitute the prevailing British 
flora. The bowlder clay, which rises so high along our hills, and 
which, as shown by its inferior position on the lower grounds, 
is decidedly the most ancient of the country's superficial de- 
posits, is yet so modern, geologically, that it contains only 
recent shells. It belongs to that cold, glacial, post-Tertiary 
period, in which what is now Britain existed as a few groupes 
of insulated hill-tops, bearing the semiarctic vegetation of our 
fourth flora, — ^that true CeUic flora of the country which we 
now find, like the country's Celtic races of our own species, 
cooped up among the mountains. The fifth or Germanic flora 
must have been introduced, it is held, at a later period, when 
the climate had greatly meliorated. And if we are to hold 
that the plants of this last flora were developed from sea weed, 
not propagated across a continuity of land from the original 
center in Germany, or borne by currents from the mouths of 
the Germanic rivers,-rthe theory of Mon. C. Martins, — then 
must we also hold that that development took place since the 
times of the bowlder clay, and that fuceids and conTervae be- 
came dicotyledonous and monocotyledonous plants during a 
brief period, in which the Purpttra LapiUus and TurriteUa 
ierebra did not alter a single whorl, and the Cyprina Islandica 
and Astarte BorealisxQiKmQ^ unchanged each minute projection 
of their hinges, and each nicer peculiarity of their muscular _ 
impressions.' Creation would be greatly less wonderful than a 
sudden transmutative process such as this, restricted in its 
operation to groupes of English,J[Jish, and Manx .plants, identi- 
cal with groupes in Germany, when all the various organisms 
around them, such as our sea^shells, continued to be exactly 
what they had been for ages T3efore. A. process of develop- 
ment from the lowest to the highest forms, rigidly restricted to 
the flora of a country, would be sihaply the miracle of Jonah's 
gourd several thousand times repeated. 
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I must here indulge in a few remarks more, wbioh, though 
they m%y seem of an incidental character, have a direct bear- 
ing on the general subject. The geologist infers, in all his 
reasonings founded on fossild, that a race or species has existed 
from some one certain point in the scale to some other certain 
point, if he find it occurring at both points together. He in- 
* jfers on this principle, for instance, that the bowlder day, which 
^contains only recent shells, belongs to the recent or post-Tertiary 
period ; and that the Oolite and Lias, which contain no recent 
shells, represent a period whose existences have all become ex- 
tinct. And all experience serves to show that bis principle is 
a sound one. In creation there are many species linked to- 
gether, from their degree of similarity, by the generic tie ; but 
no perfect verisimilitude obtains among them, unless heredi- 
tarily derived from the one, two, or more individuals of cotem- 
porary origin, with which the race began. True, there are 
some races that have spread over very wide circles, — the cir- 
cle of the human family has become identical with that of the 
globe ; and there are certain plants and animals that, from pe- 
culiar powers of adaptation to the varieties of soil and climate, 
— ^mayhap also from the tenacious vitality of their seed§, and 
their facilities of transport by natural means, — are likewise dif- 
fused very widely. There are plants, too, such as the common 
nettle and some of the ordinary grasses, which accompany civ- 
ilized man all over the globe, he scarce knows how, and spring 
up unbidden wherever he fixes his habitation. He, beside, - 
carries with him the common agricultural weeds : there are lo- 
calities in the United States, says Sir Charles Lyell, where 
these exoiice outnumber the native plants ; but these are excep- 
tions to the prevailing economy of distribution ; and the circles 
of species generally ^re comparatively limited and well defined. 
The mountains of the southern hemisphere liave, lil£e those of 
Switzerland and the Scotch Highlands, their forests of coni- 
ferous trees ; but they fiirnish no Swiss pines or Scotch fir&; 
nor do the coasts' of New Zealand or Van Dieman^s Land sup- 
ply the European shells .or fish. Tme, there is mucti to puz- 
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sle in the identity of what may be termed . the exceptional 
plants, equally indigenous, apparently, in circles widely sepa- 
rated by space. It has been estimated that there exist about 
a hundred thousand vegetable species ; and of these, thirty 
antarctic forms have been recognized by Br. Hooker as identi- 
cal with European ones. Had Robinson Crusoe failed to re- 
member that he had shaken the old corn-bag where he found 
the wheat and barley ears springing up on his island, he might 
have held that he had discovered a new 6enter of the European 
eeralia. And the process analogous to the shaking of the bag 
is frequently a process not to be remembered. There are seve- 
ral minute lochans in the Hebrides and the west of Ireland in 
which there occurs a small plant of the cord -rush family {Erio- 
caulon Septangulare), which, though common in America, is 
nowhere to be found on the European Oontinent. It is the 
only British plant which belongs to no other part of Europe. 
How was it transported across the Atlantic ? Entangled, 
mayhap, in the i%rxxi of a. single seed, — for its seeds are exceed- 
ingly light and small, — in the plumage of some water-fowl, free 
of both sea and lake, it hpid been carried in the germ from the 
weed-skirted edge of some American swamp or mere, to som6 
mossy lochan of Connaught or of Skye ; and one such seed 
transported by one such accident, unique in its occurrence in 
thousands of years, -would be quite sufficient to puzzle all the 
botanists forever after. - I have seen the seed of one of our 
Scotch grasses, that had .been originally caught in the 'matted 
fleece of a sheep reared among the hills of* Sutherland, and 
then wrought into a coarse, ill-dressed woolen cloth, carried 
about for months in a piece* of underclothing. It might have 
gone over half the globe in that time, and, when cast away 
with the worn vestment, might have originated a new circle 
for its species in* Sputh America or New Holland. There are 
se^ds specially contrived by the G-reat Designer to be carried 
far from their original habitats in the coats of animals, — ^a 
modA which admits of transport to much greater distaiiGes 
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than the mode, also extensively operative, of consigning 
them for conveyance to their stomachs; and when we 
see the work in its effects, we are puzzled by the want of a 
ijecord of an emigratory process, of which, in the circumstances, 
no record could possibly exist. Unable to make out a case 
for the " shaking of the bag," we bethink us, in the emergency, 
of repetition of creation. But in circles separated hytime, not 
space, by time, across whose dim gulfs no voyager sails and no 
bird flies, and over which there are no means of transport from 
the point where a race once fails, to any other point in the fu- 
ture, — we find no repetition of species. If the production of 
perfect duplicates or triplicates in independent centers were a 
law ef nature, our works of physical science could scarce fail to 
tell us of identical species found occurring in widely-separated 
systems, — Scotch firs and larches, for instance, among the lig- 
nites of the Lias, or Cyprina Islandica and Ostrea edulis among 
the »heUs of the Mountain Limestone. But never yet has- the 
geologist found iA his systems' or formations aj^y such evidence 
as facts such as these might be legitimately held to furnish, of 
the independent de now production of individual members of 
any single • species. On the contrary, «the evidence lies so en- 
tirely the other way, that he teasons on the existence of a fam- 
ily relation obtaining betvceen all the members of each species, 
as one of his best- established principles. s!iff members of the 
same species may exist through c^aViovak production, without he- 
reditary relationship, so thoroughly, in 'consequence, does the 
fabric of geological reasoning falLto the ground, that we find 
ourselves incapacitated from regarding even the bed of common 
cockle or mussel shells, which We find lying a.few feet from the 
surface on our raised beaches, as of the existing creation at 
all. Nay, evetf the human remains of our moors may have be- 
longed, if our principle of relationship in each* species be not a 
true one, to some former creation, cut off from that to which 
yre ourselves belong, by a wide period of death. Allpalseon- 
tological reasoning is at an end forever, if identical spefiie^oaii 
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originate in independent centers, widely separated from each 
other by periods of time ; and if they fail to originate in peri- 
ods separated by time, how or why in centers separated by 
space? « 

'Let the reader remark further, the bearing of those facts 
from which this principle of geological reasoning has been de- 
rived, on the development hypothesis. We fii^ species re- 
stricted to circles and periods; and though stragglers are 
occasionally found outside the circle in the existing state of 
things, never are they found beyon,d their period among the re- 
mainsi»of the past. « It. was profoundly argued by Cuvier, that 
Iffe could not possibly have had a chemical origin. . " In fact," 
we find him remarking, "life exercising upon the elements 
which at every instant form part of the living body, and upon 
those which it .attracts to it^an action contrary, to that which 
would be produced without it*by the usual chemical affinities, it 
is inconsistent to suppose that it can itself be produced by 
the^ affinities." ^And the phenomena of restriction to. circle 
and period testify to the same effect. Nothing, on the one 
hand, can be more various in character and aspect than the or- 
ganized existences of the various circles, and periods ; nothing 
mor^ invariable, on the other, than the results of chemical, or 
electrical experiment. Ai^d yet, to use almost -the words of 
Cuvier, **we know of no. ether power in nature capable of re- 
uniting previously i^eparated molecules," thai^ the electric and 
the chediicaL To these agents, aocordingly, all the assei:1>or8 
of the development hypothesis* have had recourse format least 
the OTiginaiion of life. Airi water, earth existing as a saline 
mucus, and an active pelnsistent electricity, are the creative in- 
gredients of Oken. The author of the ** Vestiges" is rather 
less explicit on the sulgect : he simply refers to the faet,. that 
the " basis of a)} vegetable and animal substances consists of' 
nucleated cells,r-~that is, of cells having granules within them ;" 
and states that gloHbules of a resembling character *' can be 
prif)dQced in albumen by-electricity ;" and that though albumen 

21 
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itialf has not yet been produced bj artificial mean8,-4he onij 
step in the process of creation which is wanting»-^it is yet 
kpown to be a chemical composition, the mode of whose pro- 
ition may " be any day discovered in the kboratory."— 
Further, he adopts, as part of the foundation of his hypothe- 
toBy the pseudo-experiment of Mr. Weekes, who holds that out 
of certain salyie preparations, acted upon by electricity^ he can 
produce certain living animalcula of the mite family, — the vital 
and the organized out .of the inorganic and the dead. In aU 
such cases, electricity, or rafher; according to Oken, galvanism, 
is regarded a»the vitalizing principle. •*' Orpanism," siyrs the 
German, **iB palvamsvKTeu^ng in a thoroughly homogeneous 
mass. . . . ' . A.galvanic pile pounded into atoms must 
become alive. In this manner nature brings forth organic bo- 
dies." I have eten heard it seriously asked whether electrici- 
ty be not God I Alas I could such a god, limited in its capacity 
fit action, liise those '*gods of the plains" in which the old 
Syrian trusted, have wrought, in the character of Creator, 
with a variety of result so endless, that in no geologic period 
has repetition taken place ? In all that purports to be experi- 
ihent on the development side of the question, we see nothing 
else sav^ repetition. The Acarus €ro9$n of Mr. Weekes is 
not a new sp^ies,* but the repetUum * of an; old one, which has 
been long known as the Acofus horriiiu, a little bristle-cover- 
ed creature of the mite family, that harbors in damp comers^ 
among the debris of outhouses, and the dust and dirt of ne- 
glected sfork-shops and laboratories. Nay, even a change in 
the chemical portion of the ezjferiinent by Vhich he believeMi 
\\t^ creature to be produced, failed to secure variety. A power- 
ful electric fluid had been sent, in the first instance, through a 
solution of silica4e of potash, and, after a time, the Acama 
horridus crawled out of the fluid.- The current was then sent 
through .a soldtion of nitrate of copper, and, after a due space^ 
ike Acarm horridus again creeped out. *A solution of ferro- 
eyanate of potash was next subjected to the current^ a^d jet 
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again, and in greater numbers than on the two former oooa* 
siona, there iQ)peared, as in virtue, it would seem, of its extra- 
ordinary appetency, to be the same ever-recurring Acarus hoT' 
ridus.. How, or in what form, the little creature should have 
been introduced into the several experiments, it is not the part 
of those who question their legitimacy to explain : it is enough 
for us to know, that individuals of the family to which the 
Acarus belongs are so remarkable for their powers of life, even 
in their fully-developed state, as to resist, for a time, the ap- 
plication of boiling water, and to live long in alcohol*. We 
know, further, that the perms of the lovrer animals are greatly 
more tenacious of vitality than the anipials themselves ; and 
that they may exist in their state of embryoism in the most 
unthought of and elusive forms ; nay,— ^as the recent discov* 
eries regarding alterations of generation have conclusively 
shown, — that the germ which produced the parent may be 
wholly unlike the * germ that produces its offspring, and jeU 
identical with that which produced the parent's' parent. Save 
on the theory of a quiescent vitality,- maintained by seeds for 
centuries within a few inches of the earth's surface, we know 
not how a lay w of shellnsiand or marl, spread over the bleak 
moots of Harris, should produce crops of white clover, where 
only heath had grown before ; nor bow brakes of doddered 
foKse burnt down on the sldpes of the Cromarty Sutorjsi should 
be sa frequently succeeded by thickets of raspberry. We are 
not, however, to give up the unknoimy that illimitable province 
in whijh science discovers, — to be a wild re^on of dream, in 
which fantasy may invent. > There are many dark places in the 
field of human knowledge which even the researches of ages 
maj fail wholly to enlighten ; but no one derives a right from 
that eircumstance to people them with chimeras and phan- 
toms. They belong to the philosophers of the future, — not to 
tlie visionaries of the present. But while it is not our part to 
explain how, in the experiments of Mr. Weekes, the chain of 
Ijfe from life has been maintained unbroken, we can most con- 
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olufflyely %how, that that world of organized existence of which 
we ourselves form part, is, and ever has beilen, a world, not of 
tame repetition, but of endless variety. It is palpably not a 
world of Acaridce of one species, nor yet of creatures develop- 
ed from these, under those electric or chemical laws of which 
the grand characteristic is invariability of result. The vast 
variety of its existences speak not of the o^feration of unvaryvng 
laws, that represent, in their uniformity of result, the un- 
changeableness'of the Divinity, but of creative actSf that exem- 
plify the infinity of His resources. 

Let the reader yet farther remark, if he has followed me 
through these prelimii^^ry observations, what is really involved 
in the hypothesis of the author of the "Vestiges,** regarding 
the various floras common to the British islands and the Oonti- 
nent. If it was upon his scheme that England, Ireland, and 
the mainland of Europe came to possess an identical flora, pro- 
duction de novo and by repetition of the same species must have 
taken place in thousands of instances along the shores of each 
island and of the mainland! His hypothesis demands that the 
sea-»weed on the cost of Ireland should have been developed, 
first through lower^ and then higher forms, into thousands of ter- 
restrial plants, — that exactly the same process of developthent 
from sea- weed into terrestrial plants of the same species should 
have tak(Sn place on the coast of England, and again on the coasts 
of the Continent generally,— 'and that identically the same vege- 
tation should h^ve been originated in this way in at least three 
great centers. And if plants of the same species could hsyre had 
thrt e distinct centers of organization and development, why not . 
three hundred, or three thousand, or three hundred thousand ? 
Nor will it do to attempt escaping from the difficulty, by alleging 
that there is the groundwork iti the case o£ at least a comttion 
marine vegetation to start from ; and that thus, if we have not 
properly the existence of the direct hereditary tie among the 
various individuals of each species, we may yet recognize at 
least a sort of collateral relatiemship^among them, derived from 
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the relationship of their marine ancestry. For relationship, m 
even the primary stage, the author of the "Vestiges" virtually 
repudiates, by adopting, as one of the foundations of his hypo- 
thesis, with, of course, all the legitimate consequences, the ex- 
periments of Mr. Weekes. The animalculse-making process is 
instanced as representative of the first stage of being, — that 
in which dead inorganic matter assumes vitality ; and it corre- 
sponds, in the zoological branch, to the production of a low 
marine vegetation in the phytological one. A certain semi-chem- 
ical, semi-electrical process, originates, time after time, certain 
numerous k)w forms of life, identical in species, but connected 
by no tie of relationship : such is the presumed result of the 
Weekes experiment. A certain farther process of development 
matures low forms of life, thus originated, into higher species, 
also identical, and also wholly unconnected by the family tie : 
such are the consequencees legitimately involved in that island- 
vegetation theory promulgated by the author of the *'*Vestiges." 
And be it remembered, that Mr Weekes' process, so far as it is 
simply electrical and chemical, is a process which is as capable 
of having been gone through in all times and all places, as that 
other process of strewing marl upon a moor, through which cer- 
tain rustic experimenters have held that they produced white 
clover. It could have been gone through during the Carboni- 
ferous or the Silurian period; for all truly chemical and elec- 
trical experiments would have resulted in manifestations of the 
same phenomena then as now; — an acid would have effervesced 
as freely with an alkali ; and each fiber of an electrified feather, 
— hara faathers then existed, — ^would have stood out as decided- 
ly apart from all its iieighbo;rs» We must therefore hold, if 
we believe with the authoi of the "V.estiges," first, from 
the -Weekes experiment, • {hat in all times, and in all places, 
every center of a cettain '.chemical and electric action would 
have become a new center d£ creation to certain recent species 
of low, but not vert/, low,- organization; and, second, from his 
doctrine regarding the identity .of the British and Continental 
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§oit0, that in the course of snbseqTient devdiopment from theae 
low forms, the prooesErin each of many widely-separated centeiHy 
— ^widely separated both by space and time, — would be so 
nicely correspondent with the process in ail the others, that the 
same higher recetU forms wonld be matured in ail. And to doc- 
trines snch as these, the experience of all Geologists, all Phy- 
tologists, all Zoologists, is diametrically opposed. If these doc- 
trines be true, i&eir sciences are false in their facts, and idle and 
unfounded in their principles. 
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THE TWO FLORAS, MARINE AND TERRESTRIAL 

BEARING OF THE EXPERIENCE ARGUMENT. 



Is the reader acquainted with the graphic verse, and scarce 
less graphic prose, in which Crabbe describes the appoaraneeti 
p^sented by a terrestrial vegetation affected by the i^aters of 
the sea ? In both passages, as in all his purely descriptive 
writings, there is a solidity of truthful observation exhibited, 
which triumphs over their general honffeliness of vein. 

" On eit^ier side 
Is level fen, a prospect wild and wide, 
With dyke^on either hand, Uy ocean self-supplled. • 
Far on the right the distant sea is seen. 
And salt the springsithat feed the marsh between; 
Beneath an ancient bridge the straitened flood 
Rolls through its sloping banks of slimy mud ; \ 

Near it a sunken boat resists the tide,' 
That frets and hurries to the opposing sidd ; 
The rashes sharp, that on the>borders grow, 
Bend their brown florets to the stream below, 
Impure in all its course, in all its progress slow. 
Here a grave Flora scarcely deigns to bloom. 
Nor wears a rosy blush, nor sheds perfume. 
Tlie few duH flowers that o'er the place lire spread, 
Partake the nature of their fenny bed; • . 

Here q^ its V(fTY stem, in rigid bJoom,. 
Grows the ^1 laveuder^ that bsks perfymo ; 
' HewJ the dwarf flttl lows cre^p, the septfoi! haMh, 
* . ind the soft slimy mallow of ih© raaj«li* * 
Low on the cm- the dlsttoiit billows loundf 
And just in view ajipoAni their etony bound.** 

"The ditcbes of a fen bo near the ocBsn/* says th« poet, in 
Ae note which accompanies thw paBaage, *^ are linad witb ir- 
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regular patches of a coarse-stained layer ; a muddy sediment 
rests on the horiie-tail and other perennial herbs which in part 
conceal the shallowness of the stream ; a fat-leayed, pale -flower- 
ing scurvy-grass appears early in the year, and the razor- 
edged bullrush in the .summer «nd autumn. The fen itself has 
a dark and saline herbage^: there are rushes and arrow-head ; 
and in a few paMies the flakes of the cotton-grass are seen, 
but more commonly the sea-aster, the dullest of that numer- 
ous and hardy genus ; a thrift, blue in flower, but withering, 
and remaining withered until the winter scatter^ it ; the salt-' 
worty h^h single apd shrubby ; a few kinds of grass changed 
by the s6il and atmosphere ; and low plants of two or three 
denominations, undistinguished in the general yiew of scenery ; 
— such is the vegetation of the fen where it is at a small dis- 
tance from the ocean/' • 

And such are the descriptions of Crabbe, at once a poet 
and a botanist. In referjing to the blue tint exhibited in salt 
fens by thoi pink-c^olored flower of the thr^ {Statice Armeria), 
he might have added, that the general green of the terrestrial 
vegetation likewise assumes, ^hen subjected to those modified 
marine, influences under which plants of the land can continue 
to live, a decided tinge of blue. .It is further noticeable, that 
the general brown of at least the larger algae presents, as they 
creep upward upon the beach to meet with these, a marked 
tinge of yellow. . The prevailing brown of the one flora ap- 
proximates toward yellow, — the prevailing green of the other 
toward blue ; and thus, instead of mutually merging into some 
neutral tint,*they assume at their line oi meeting directly an- 
tagonistic hues. 

But what does experi^ce say regarding, the^ ttansmutative 
conversion of a marine into a terrestrial Yegetation, — rthat ex«- 
perience on which the skeptic founds so much ? A? I walked 
along* the green edge of the La^i^ of ,Stennis» selvaged by the 
line of detached weeds with wbich^ a recent gale had strewed 
it^ shories, and marked that for' the fii^t few miles the aeeumu- 
lation oonusted of marine algae; here and there mixed with 
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tufts of stunted reeds or rushes, and that as I receded from the 
sea it was the algae that became stunted and dwarfish, and 
that the reeds, aquatic grasses, and rushes, grown greatly more 
bulky in the mass, were also more fully developed individually, 
until «t lengtl^the marine vegetation altogether disappea)^edl 
and the vegetable debris of the^hore became -purely lacus- 
trine^ — ^I asked mypelf whether here, if anywhere, a transition 
flora betyreen lake and sea ought not to be found -? For 
many thousand years ere the tall gray obelisks of Stennis, 
whose forms I saw this morning .reflected in the water, had 
been torn from the quarry, or laid down in mystic circle on 
their flat promontories, had this lake admitted the waters of 
the sea, and been salt in its lower reaehes and fresh in its 
higher. And during this protracted period had its qui^ well- 
sheltered bottom t)een exposed to no disturbing influences 
through which the delicate process of transmutation could have 
l)een marred or arrested. Here, then, if in any circumstances, 
ought we to have had, in the broad permanently brackish reach- 
es, at least indications of a vegetation intermediate in its na- 
ture between the monocotyledons of the lake and the algae 
of the sea ; and yet not a vestige of such an> intermediate vege- 
tation could I flftid among the up-piled debris of the mixed 
floras, marine and lacustrine. The lake possesses no such in- 
termediate vegetation. As the water* freshens, in «itei middle 
reaches, the algae become dwarfish and ill-developed ; one spe- 
cies after another ceases to appeiir, as the habitat becomes 
wholly unfavorable to it ; until at length we find, instead of the 
brown, rootless, flowerless fticoids and-confervse of the ocean, 
the green, rooted, flower-bearing flags, rushes, and aquatic 
grasses of the fresh water. Many thousands of years have 
failed to, originate a single intermediate plant. Add sitch, 
tested by a singularly extensive experience, is the general evi- 
dence. 

There is scarce, a chain-length of the shores of Britain and 
Ireland that has not been a hundred and a hundred times ex- 
plored by the botanist, — ^keen to collect and prompt to register 
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ererj rarity of the vegetable kingdom ; but has he ever yet 
saooeeded in transferring to his herbarimn a single plant caught 
in the transition state ? Nay, are there any of the laws under 
w]pch the vegetable kingdom exists better known than those 
laws which fix certain species of the algSB to ci|rtain zoftes of 
coast, in which each, according to the overlying depth of water 
and the nature of the bottom, finis the only habitat in which 
it can exist? The rough-stemmed tangle {LamiiUirifi diffUata) 
can exist no higher on the shore than the low line of ebb dur- 
ing stream- tides; the smooth-stemmed tangle {Ixaninaria sac- 
ekarind) flourishes along an inner belt, partially \incovered dur- 
ing ijie ebbs of the larger neaps ; the forked and cracker kelp- 
weeds {Ikictis $erratu9 and Fucus nodoms) thrive in a zone still 
less deeply covered by water, and which even the lower neaps 
expose^ And at least one other species of kelp- weed, the 
Fucu9 vestcidosus, oceurs in a higher zone still, though, as it 
creeps upward on the rocky beach, it loses its chkracteristic 
bladders, and* becomes short and narrow of frond. The thick 
brown tufi^ of JFkictu ca$udiculaiu8f which in the lower and 
middle reaches of the Lake of Stennis I found heaped up in 
great abundance along the shores, also rises high on rocky 
beaches, — se high in some instances, — ^that, d«ring neap-tides 
it remains uncovered by the water for days together. If, as is 
not uncQDMnon, there be «n escape of land-springs along the 
beach, there may be -found, where the firesh water oozes out 
through the sand and gravel, an upper terminal- zone of the 
oonf^rvse, chiefly of a green color, mixed with the ribbon-like 
green laver ( Ulmi laHssima\ the purplish browalaver {JPorphy^ 
ra ladmata), and. still more largely with the green silky Ente- 
romorpha {U. compresm).* And -then, decidedly within the 

* " Dr. Neill meiUions,'' says the Rev. Mr. Landsborough, in his com- 
plete and very interesting « History of British-Sea- Weeds," " that on 
our shores algp generally occupy zones in the following order, beginning 
from deep water : — F.Jihtm ; F: eseuleaha and btdbo$u8 ; F* diffitaUts, 
taechatinus, and loretts ; F* 8§rrcUu8 and crispua ; F, nodoaut and VfHr 
culosus ; F. eanalieulattt8 ; and, last of all, F. py^tMSUS, whidh is satis- 
fied if it be within reach of thfr spray.** 
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line of the storm-beaches of winter,— not imfr«qtient]y in low 
sheltered bays, such as the Bay of Udale or of Nigg, where the 
ripple of eTery higher flood washes, — ^we may find the Tegeta- 
tion of the land, — represented by the sentinels and picqnets of 
its outposts, — coming down, as if to meet with the higher- 
growing plants of the sea. In salt marshes the two vegeta- 
tions may be seen, if I may so express myself, dovetaUed to- 
gether at their edges, — ^at least one species of club-rush (Scirptis 
maritimus) and the common salt- wort and glass- wort {SaLsda 
hdi and Salicorma procimbens) encroaching so far upon the 
sea as to miqgle with a thinly-scattered and sorely-diminished 
facus, — that bladderless variety of the *Fucus vesictdosus to 
which I havQ already referred, and which may be detected in 
such localities, shooting forth its minute brown fronds from the 
pebbles. On rocky coasts, where springs of fresh water ceme 
trickling down along the fissures of the precipices, the observer 
may see a variety of JRhodomema palmata, — ^the fresh- watei 
dulse of the Moray Frith, — creeping upward from the lower 
limits of production, until just where the common graybala- 
nus ceases to grow. And.there, short and thick; and«of a bleach- 
ed yellow hue, U ceases also ; but one of the commoner mitrina 
confervse,-— the drnferva arcta, blent with a ^warfed MUero^ 
morphoj — commencing a very little below where the dulse ends^ 
and taking its place, clothes over the runnels with its covering 
of green for several feet higher 2 in some cases, where it is fre- 
quently washed by the upward dash of the waves, it rises above 
evenl;he flood-line; and in some crevice of the rock beside it, 
oftei) as low as its upper edge, we may detect stunted tufts of 
the sea-pink or of the scurvy-grass. But while-^ there is thus 
a vegetation intermediate in ^ac« between the land and the sea, 
we find, as if it had been selected purposely to copfound the 
tfansmutation thedry, that it is in no degree intermediate in 
character. For, while it is 'chiefly marine weeds of the lower 
division of. the conferv« that creep upward from the sea to 
meet the vegetation of the land, it is chiefly terrestrial' plants 
of the higher -divi&ion of the dicotyledons that creep down- 
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ward firom th^ land to meet the Tegetation of the sea. The 
salt- worts, the gkss- worts, the arenaria, the thrift, and thescnr- 
vy-grass, are all dicotyledonous plants. Nature draws a deep- 
ly-marked line of division where the requirements of the trans- 
mutative hypothesis would demand the nicely graduated soft- 
ness of a shaded, one ; and, addressing the strongly-marked 
floras on either hand, even more stei^nly than the waves them- 
selves, demands that to a certain definite bourne should they 
come, and no farther. 
^ But in what form, it may be asked, or with what limitations, 
ought the Christian controversialist to avail lymself, in this 
question, of the experience argument? Much ought to de- 
pend, I reply, on the position taken up by the opposite side. — 
"We find no direct reference made by the author of the " Ves- 
tiges '* to the anti- miracle argument, first broached by Hume, 
In a purely metaphysical shape, in his well-known " Inquiry,'* 
and afterward thrown into the algebraic form By La Place, in 
his Eased PhUosophigtie sur les Frobabilites, But we do detect 
its influences operative throughout the entire work. It is be- 
cause of some felt impracticability on the part of its autlror, 
of Attaining to the prevailing belief in the miracle of creation, 
that he has recourse, instead, to the so-called law of develop- 
ment. The law and the miracle are the alternatives placed be- 
fore'him ; and, rejecting the miracle^ he closes with the law. — 
Now, in such circumstances, he can have no more cause of com- 
plaint, if, presenting him with the experience argument of 
Hume and La Place, we demand that he square the ^iaence 
regarding the existence of his law strictly according to its re- 
quirements, than the soldier of an army that charged its field- 
pieces with rusty nails would havd cause of complaint if he 
found hin^elf wounded by a missile of a similar kind, sent 
against him by the artillery of the 'enemy. You cannot, it 
might be fairly said, in addressing him, acquiesce in the mira- 
cle here, because, as a violation of the laws of nature, there 
are. certain objections, founded on invariable experience, which 
bear direct against your* belief in it. Well, here are the oh- 
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jections in the strongest form in which they have yet beei^ 
stated ; and here is your hypothesis respecting the develop- 
ment of marine algae into terrestrial plants. We hold that 
against that hypothesis the objections bear at least as directly 
as against any miracle whatever, — ^nay, that not only is it con- 
trary to an invariable experience, bnt Apposed also to all tes- 
timony. We regard it as a mere idle dream. Maillet dream- 
ed it, — and Lamarck dreamed it, — and Oken dreamed if; but 
none of them did more than merely dream it : its exist-' 
ence rests on exactly the same basis of evidence as that of 
Whang th^ miller's " moiistrons pot of gold* and diamonds," 
of which he dreamed three nights in succession, but which he 
never succeeded in finding. If we are in error in dur esti- 
mate, here is the ^.rgument, and here the hypothesis : give us, 
in. support of the hypothesis, the amount of evidence, founded 
on a solid experience, which the argument demands. 

But i^> leave the ex{)ericnce argument in exactly the state 
in which it was left by Hume and La* Place, would be doing 
no real justice to our subject. It is in that state quite suffi- 
cient to establish the fact, that there can be no real escape 
from belief in acts of creation never witnessed by man, to pro- 
cesses of^ievelopmeni never witnessed by man ; seeing that ai 
presumed law beyond the cognizance of experience must be as 
certainly rejected, on the principle of the argument* as a pre- 
sumed miracle beyond thaj cognizance. It places tte presum- 
ed lata and t^he presumed miracle on exactly the same level. — 
But there is a palpable flaw in the* ant ir miracle argument. It 
does not prove that miracles may not have taken place, but that 
miracles, whether they have taken place or no, are 7iot to he 
credited, and this simply because they are miraeles, L e. viola- 
tions of the established laws of nature. And if it be possible 
for Event's to take place which mlan, on certain principles, i& 
imperatively reqfuired not to credit, these. principles must of 
course serve merely to establish a discrepancy betwecH the ac- 
tual *state of things, and what is to be believed regarding it. — 
And thus, instead of serving purposes of truth, they are made 
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to subserve purposes of error ; for the existence of truth ui 
the mind is neither more nor less then the existence of certain 
conceptions and beliefs^ adequately representative of what ac- 
tually i9, or what really has taken place, 

I cannot better illustrate this direct tendency of the anti- 
miracle argument to destroy truth in the mind, by bringing the 
mental belieflB into a state of non-conformity with the possible 
and actual, than by a quotation frMU La Place himself: — "We 
would not/' he says, *^ give credit to a man who would affirm 
that he saw a hundred dice thrown into the air, and that they aJl 
fell on the same faces. If we had ourselves been spectators of 
such an event, we would not believe our own eyes until we had 
scmpuldUsly examined all the circumstances, and assured our- 
selves that there was no trick or deception « ^ter such an ex- 
amination, we would not hesitate to admit it, notwithstanding 
its great improbability : and no one *would have recourse to an 
inversion of the laws of vision in order to account fer it." — 
Now, here is the principle broadly laid down, that it is ijnpossi- 
ble to communicate by the evidence of testimony, belief in an 
event which might happen, and which, if H happened, ought on 
certain conditions to be credited. No one knew better than 
La Place himself, that the possibilify of the event whio)) h^ in- 
stanced could be represented with the utmost' exactitude by 
figures. The probability, in throwing Sk single die, that the ace 
will be presented on its upper face, is as one in six, — six being 
the entire number of sides which the cube can possibly pre- 
sent, and the side with the ece being one of these ; — the pro- 
bability that in throwing A;>atr of dice the aces of both will be 
at*omce presented on their upper faces, is as one in thirty-six, 
as against the one- sixth chSince of the ace being presented by 
the one, there are also sfx chances that* the ace of the other 
sbould not concur with it ; — !ind in throwing three dice, the pro- 
bability that their three aces sbould be at once- presented- is, of 
course, on the same principle, as one in six times thirty-six, or, 
Mn other words, as one in two bundled li^nd sixteen. And thus^ 
in ascertaining the exact degree of probability of the hundred 
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aoes at once tnrniDg up, we Jbave to go on multiplying by ffiz, 
for each die we add to the number, the product of the imme- 
diately-previous calculation. Uaquestionably, the number, of 
chances agaimt, thus balanced with tbe single chance /or, 
would be very great ; but its existence as a definite number 
would establish, with all the force 'of arithmetical demonstra- 
tion, i^^ possibUihf of the event; and if an eternity were to be 
devoted to the throwing into the air of the hundred dice, it 
would occur an infiiute number of times. And yet the principle 
of Hume and La Place fbrms, when adopted, an impassable 
gulf between this possibility and human belief. The possibQ- 
ity might be embodied, as we see, in an actual occurrence, — 
an occurrence witnessed by hundreds ; and yet the anti-mira- 
cle argument, as illustrated by La Pkice, would cut ^ff all com- 
munication regarding it between these hundreda of witnessef^ 
however, unexceptionable their character as»such, and the rest 
of mankind. . The principle, instead of giving us a right rule 
through which the beliefs in the mind are to be rendered cor- 
respondent mth the reaSty of things, goes merely to establish 
a certain imperfection of transmission from one mind to anoth- * 
er,'in consequeneeof which, realities in fact, if very extraordi- 
nary ones, could not possibly be received as objects of belief, 
nor the mental appreciation of things be rendered adequately 
concurrent with the state in which the things really existed. 

Nor is the case diffesent when, for a ppssibilUy which the 
arithmetician can represent by figures, we substitute the miracle 
proper. Neither Hume nor La Place ever attempted to show 
tbat miracles could not take place ; they merely directed their 
argumei^t against a belief in them. Tl\e wildest sceptic must 
admit, if in- any degree a reasonable man, that there may exis^ 
a GFod, and that that God may have given laws to nature. No 
demomtraiion of the non-existence of a Great First Cause ha^ 
been ever yet attempted, ^nor, until t^he knowledge of some 
sceptic isxtends over all space, ever c<m be rationally attempt- 
ed. Merely iod&ut^ the fact of God's exiiatence, and to give 
reasons for the doubt, must until then form the highest achieve- 
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ments of scepticism. And the Otod who may thus exist, and 
who fTAi^ have given laws to nature, may also have revealed him- 
self to man, and, in order to secure man's reasonable belief in 
the reality of the revqtation, may have temporarily suspended in 
its operation some great natural law, and have thus shown him- 
self to be its Author and Master. Such seems to be the philo- 
sophy of miracles ; which are thus evidently not only not im- 
possibilities, but even not improbahililies. Even were we to 
permit the sceptic himself to fix the numbers reprcsentatiTe of 
those several mays in the case, which I have just repeated, the 
chances against them, so. to speak, would be less by many 
thousand times than the chances against the hundred dice of 
La Place's illustration all turning up aces. The existence of a 
Great First^Cause is at leaBt as probable, — the sceptic himself 
being judge in the matter,— as *he non-existence of a Great 
First Cause ; and so the probability in this fiist stage of the 
argument, instead of being, as in the case of the single die, 
only one to six, is as one to one. Again, — in accordance with 
an expectation so general among the human family as to form 
one of tlie great instincts of our nature, — an instinct to which 
every form of religion, true or false, bears evidence, — ^it is in 
no degree lees probable that this *God should have revealed 
himself to man, than that he should not have revealed himself 
to man ; and here the chances are again as one to one,:— not, as 
in the second stage of the calculation on the dice, as one to 
thirty- six. Nor, in the third and last stage, is it less probable 
that God, An revealing himself to man, should have given mi- 
raculous evidence of the truth of the revelation, so that maa 
"might believe in Him for his \^ork's sake," thati that He 
should 720^ have done so ; and here yet again the chances are 
as one to one, — not as one to two hundred and sixteen. No 
rational skeptic could fix the chances lower ; nay, no rational 
skeptic, so far as the' existence of a jGreat First Cause is con- 
cerned, would be inclined to fix them so low: jnd yet it is in 
order to" annihilate all belief in a possibility against which the 
chances are So few as t© be represented — skepticism itself 



OV THB BXPXRIINOB ABGUICSNT. 258 

bemg the actuary in the case-^bj three units, that Home and 
La Pkce have framed their argament. Miracles rhay have 
taken place, — the probabilities against them, stated in their 
most extreme and exaggerated form, ar^y no means many or 
strong ; but we are nevertheless not to^elieve that they d%d 
take place, simply becausa miracles they were. Now, the effect 
of the establishment of a principle such as this would be simply, 
I repeat, the destruction of the ability of transmitting certain 
beliefs, however well founded originally, from one set or gene- 
ration of men to another. These beUefs the first set or gene- 
ration might, on La Place's own principles, be compelled to 
entertain. The evidence of the senses, however wonderful the 
event which they certified, is not, he himself tells us, to be re- 
sisted. But' the conviction which, on one set of principles/ 
these men were on no account to resist, the men that came 
immediately after them were, on quite another set t)f principles, 
on no account to entertain. And thus the anti-miracle argu- 
ment, instead of leading, as all true philosophy ought, to ah 
exact correspondence between the realities of thiijgs and the * 
convictions received by the mind regarding them, palpably 
forms a bar to the reception of beliefs, adequate to the possi- 
bilities of actual occurrence or event, and so constitutes an 
imperfection or flaw in the mental economy, instead of working 
an improvement. And in accordance with this yiew, -we find 
that in the economy of minds of the very highest order this 
imperfection or flaw has bad no place. Locke studied and 
wrote upon the subject of miracles proper, and exhibited in 
his"Bi800urse" all the profundity of his extraordinary mind; 
and yet Locke was a believer. Newton studied and wrote on 
the subject of. miracles of another kind, — those Of prophesy; 
and he also, as .shown by his'" Observations on the Prophesies 
of Danieland the Apocalypse," was a believer. Butler studied 
and wrote on the subject of miracles, chiefly in connection with 
**• Miraculous Revelation ;" and he klso was a believer. Chal- 
mers studied and wrote on the subject of miracles in his " Evi- 
dences,'' aftei: Hume, La Place, and Playfair had all promul- 
22 , . 
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gated thw pecnliar views regarding it; and be also wu a 
believer. And in none of the truly distingoisbed men of the 
present day, though all intimately acquainted with the* anti- 
miracle argument, is^his flaw or imperfection found to exist: 
01} the contrary, thev all bold, as becomes the philosophic 
intellect and character,' that whatever is possible may occur, 
and that whatever occurs ought, on the proper evidence, to be 
believed. 

But though the experience argument is of no real force, and, 
as shown by the beliefs of the higher order of minds, of no real 
effect, when brought to bear against miracles supported by the 
proper testimony, it is of great force and effect when brought 
to bear, not against ndrcu^lei, but against some presumed law. 
* It is experience, and experience only, that deteribines what is 
or is not law ; and it is law, and law only, that constitutes the 
subject-matter of ordinary experience. Experience,, in cbster- 
mining what is really miracle, does so simply through its posi- 
tive knowledge of law; by knowing laiiW, it knows also what 
would be a violation of it. And so miracle cannot possibly form 
the subject-matter of experience in the se;ise of Hume. For 
did miracle constitute the subject-matter of experience, the 
law of which the miracle was a violation could not : most em- 
phatically, in this case, were there " no law " there could be 
''no transgression;" and so experience would be unable to 
recognize, not only the existence of the law transgressed, but 
also of the miracle, in its character as such, which was a tiians- 
gression of the law. We determine from experience that thefe 
exists a certain fixed law, known among men as the law of 
gravitatioti ; and ^hat, in consequence of this law, if a human 
creature attempt standing upon the sea, he will sink into it; 
or, if he attempt rising from the earth into ttie heavens, be will 
Remain fixed to the spot on which the attempt i9^^ade. Such, 
jn these cases, would be the direct effects of this gravitation 
law; and any presumed law antagonistic in its character could 
not be other than a law contrary to that invariable experience 
by which the existence of the real law in the caae is deter^ 
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mined. But certain it is, — ^for the evidence regarding the 
facts can not be resisted, and by the greater minds has not been 
resisted, — that a man did once walk upon the sea without 
sinking into it, and did once ascend &om the earth into the 
sky; and these miracles ought not to be tested, — ^and by earn- 
est inquirers after truth really never have been tested, — by any 
experience of the uniformity of the law of which they were 
professed transgressions, seeing it was essentially and obviously 
necessary that, in order to serve the ^eat moral purpose which 
God intended by them, the law which they violated phould have 
been a uniform law, and that they should have been palpable 
violations of it. But while the experience argument is thus 
of no valiie when directed against well- attested miracle, it is, 
as I have said, aU-potent when directed against presumed law. 
Of law we know nothing, I repeat, except what experience tells 
us. A miracle contrary to experience in the sense of Hume is 
simply a miracle; a presumed law contrary to experience is no 
law 'at all. For it is from experience, and experience only, 
that^e know anything of natural law. The argument of Hume 
and La Place is perfect, as such, when directed against the de- 
velopment visions of the Lamarckian. 
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( 1 . ' i ^..^ THE DEVELOPMENT HYPOTHESIS IN ITS 

EMBRTOnC STATE. 



OLDER THAN ITS ALLEGED FOUNDATIONS. 



When Maillet first promulgated his hypothesis, many of the 
departments of natural history existed as mere regions of fable 
and romance ; and, in addressing himself to the Muacadim of 
Paris, in a popular work as wild and amusing as a fairy tale, 
he could safely take the liberty, and he did take it very freely, 
of exaggerating the marvelous, and adding fresh fictions to the 
untrue. , And in preparing them for his theory of the meta- 
morphoses of a marine into a terrestrial vegetation, he set 
himself, in accordant^e with his general character, to show tlj^t 
really the transmutation did not amount to much. **I know 
you have resided a long time," his Indian Philosopher is made 
to* say, ** at Marseilles. Now, you can bear me witness, that 
the fishermen there daily find in their nets, and among their 
fish, plants of a hundred kinds, with their fruits still upon 
them; and though these fruits are not so large ici)d so well 
nourished as those of our earth, yet the species of these plants 
is in no other respect dubious. They there find chisters of 
white and black grapes, peach-trees, pear-trees, pru^e-trees, 
apple-trees, and all sorts of flowers. When in thai city, I saw, 
in the cabinet of a curious gentleman, a prodigous number of 
those sea-productions of different qualities, especially of rose- 
trees, which had their roses very red when they came out qf the 
sea. I was there presented with a cluster of black sea-grapes. 
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It was at the time of the yintage, and there were two grapes 
perfectly ripe." 

Now, all this^ and much more of the same nature, addressed . m . 

to the Parisians of the reign of Louis the Fifteenth, passed, tJ^.-/-^ 
I doubt not, wonderfully well; but it will not do now, when 
almost every young girl, whether in town or country, is a bota- 
nist, and works on th6 algae have become popular. Since 
Maillet wrote, Hume promulgated his argument on Miracles, 
and La Place his doctrine of Probabilities. There can be no 
doubt that these have exerted a wholesome influenee on the 
laws of evidence; and by 'these laws, as restricted and 
amended, — ^laws to which, both in science and religion, we 
ourselves conform, — we insist on trying the Ls^arckian >-^ 
hypothesis, and in condemning it, — should it bp found to 
have neither standing in experience nor support from testi- 
mony, — as a mere feverish dream, incoherent in it's parts and 
baseless in its. fabric. Give, we. ask, but one well- attested 
instance of transmutation from the algae te even the lower 
forms of terrestrial vegetation common on our sea- coasts, and 
we will keep the question open, in expectatic(n of more. It will 
not do to teU us, — as Cuvier was told, when he appealed to the 
f||t, determined by the mummy birds and reptiles' of Egypt, 
of the fixity of species in all, even the slightest particulars, for 
at least three thousand years, — thai immensely extended pe- 
riods of time are necessary to effect specific changes, and that 
hitman ob^kvation has not been spread over a pBriod suffi- 
ciently ample to furnish the required dat;^ regarding them. 
The apology is simply a confession that, in these ages of the 
severe inductive philosophy, you have been dreaming- your 
dream, cut off, as if by the state of sleep, from all *tho t^ngi- 
bilitieef of the real waking-day world, and that you have not a 
vestige of testimony with which to support your ingenious 
vagaries. 

But on another account d.o we refuse to sustain the excuse. 
It is f^ true that human observation has not been spread over 
a period sufficiently extended to furnish the necessary data for 
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testing the derelopment hypothesis. In one special walk,— 
that which bears on the supposed transmutation of algae into 
terrestrial plants, — ^hnman observation has been spread over 
what is strictly analogous to millions of years. For extent of 
space in this matter ia exactly correspondent with duration of 
time. No man, in this late period of the world's history, at- 
tains to the age of five Hundred years ; and as some of our 
larger English oaks have ^ been known to increase in bulk of 
trunk and extent of bougfi for five centuries togfither, no man 
can possibly have seen the same huge oak pass, according to 
Cowper, through its various stages of "treeship," — 

*! First a seedling hid in grass; 
Then twig ; then sapling ; and, as centnry rolls 
Slow after century, a giant bulk, 
Of girth enormons, with moss-cushioned root -* 

Upheaved above the soil, and sides embossed 
With prominent wens globose." 

But though no man. lives throughout five hundred years of 
time, he can trace, by passing in some of the English forests 
through five hundred yards of space, the history of the oak in 
all its stages of growth, as correctly as if he did live through- 
out the five hundred years. Oaks, in the space of a few hui- 
dred yards, may be seen in every stage of growth, from the 
newly burst acorn, that presents to the light its two fleshy lobes, 
with the first tender rudiments of a leaflet between, up to the 
giant of the forest, in the hollow of whose trunk the r^d deer 
may shelter, and find ample room for the broad spread of his 
antlers. The fact of the development of the oak, fr6m the 
mintite two-Iobed seedling of a week's growth up to the gigan- 
tic tree of five centuries, is as capable of being demonstrated 
by observation spread over five hundred yards of space, as by 
observation spread over five hundred years of time. And be 
it remembered, that the sea-coasts of the world are several 
hundred thousand miles in extent. - Europe is by far the 
smallest of the earth's four large divisions, and it is bounded, 
in proportion to its case, by a greater- eactent of land than any 
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of the others. And yet the sea-coasts of Europe alone, in- 
cluding those .of its islands, exceed twenty-fiye thousand 
miles. We have results, before us, in .this extent of space, 
identical with those of many hundred thousand years of time ; 
and if terrestrial plants were as certainiy dpvelopments of the 
low plants of the sea as the huge oak is a development^ of the 
immature seedling just spfung from the acorn, so vast a 
stretch of sea- coast could not fail to present us with the in- 
termediate vegetation in all its stages. But the sea-coasts 
fail to exhibit even a vestige of the intermediate vegetation. 
Exiperienoe spread over an extent of space analogous to mil- 
lions of years of time, does not furnish, in this department, a 
single fact corroborative of the development theory, but, on 
the contrary, many, hundreds of facts that bear directly 
against it. . 

The author, of the "Vestiges" is evidently a practiced and 
tasteful writer, and his work abounds in ingenious combinations 
of thought ; but those pdwers of abstract reflection on whose 
vigorous exercise the origination of argument depends, nature 
seems to have denied, him. There are two things in especial 
which his work wants, — original observation and abstract tkotight, 
-r-the power of seeing for himself and of reasoning for himself*; 
and what we find instead is simply a vivid appreciation of the 
images of things, as these images exist in other miQds> and a 
vigorou^s perception of the various shades of resemblance which 
obtain among them. There is a large amount, of analogical 
power exhibited ; but that basis of tiuth which correct obser- 
va^ipn can alone furnish, and that ability of nicely distinguish- 
ing differences by which the faculty df discerning similarity 
must be forever regulated and governed, are wanting, in what, 
in a mind of fine general texture and .quality, must be regard- 
ed as an extraordinary degree. And hence an ingenious but 
very unsqlid work; — ^full of images transferred, not from the 
scientific field, but from the field of scientific wind, and charged 
with glittering .but vague resemblances, -stamped in the mint gf 
fancy ; which, i^ere they to be used as mere counters in sodie 
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light literary game of story-telling or charaoter-sketching, 
would be in no respect out of place, but which, when passed 
current as the proper . coin of philosophic argument, are really 
frauds on the popular understanding. There are, however, not 
a few instances in the # Vestiges " and its ** Sequel," in which 
that defect of reflective power to which I refer rather enhances 
than diminishes the difficulty of reply, by presenting to the 
controversialist mere intangible clouds with which to grapple ; 
that yet, through the existence of a certain superstition in the 
popular mind, as predisposed to accept as true whatever takes 
the form of science, as its predecessor the old superstition was 
inclined a century ago to reject science itself, are at least suit- 
ed to blind and bewilder. Of this kind of difficulty, the fo^ 
lowing .passage, in which the author of the work cashiers the 
Creator as such,, and substitutes, instead,, a mere ammal-ma^r 
ufacIuriDg piece of clock-work, which bears the name of na-^ 
tural law,* furnishes pis with a remarkable instance. 



* We are supplied with a curious example of that eyer-returning cycle 
of speculation in which the human mind operates, by not only the intro- 
duetion of the jprindple of Epicurus into the << Vestiges," but also by the 
unconscious employment of even his very argumenU, slightly modified by 
the floating semi-scientific notions of the time. The following passages, 
tal^en, the one from the modern work, the other from Fenelon's life »of 
the old Greek . philosopher, are not unworthy of being studied, as c.uri; 
ously illustrative of the cycle of thought Epicurus, I must, ]^owever, 
first remind the reader, in the words of his biographer, " supposed. that 
^ iAen, and all other animals,. were originally produced by the ground. — 
According to him, the primitive earth was fat and nitrous ; and the sun, 
gradually warming it, soon covered it with herbage and shrubs : there 
also began to arise on the surface of the ground a great number of small 
tumors like mushrooms, which having in -a- certain time ceme to matu- 
rity, the skin burst, and there came forth little animals, which, gradually 
retiring from tljfe place Where they were produced, began to respire." — 
And there can be little doubt, that had the microscope been a discovery of 
early Greece, th.^pa8sage here wohld have told us, not of mushroom-like 
tumorft, butof monads. Save that' the element of microscopic fact is 
awanting in the one and present in the Atber, the followihg are strictly 
parallel lin^ of argument ^-* . , * 
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while such facts were occurring upon earth, there were associa- 
ted phenomena in .progress of a character perfectly ordinary. 
For example, when the earth received its first fishes, sandstone 
and limestone were forming in the manner exemplified a few 
years ago in the ingenious experiments of Sir James Hall ; 
basaltic columns rose for the future wonder of man, according 
to the principle which Dr. Gregory W.att showed in operation 
before the eyes of our fathers; and hollows in the igneous 
rocks were filled with crystals, precisely as they could now be 
by virtue of electric action, as showD> within the last few years 
l)y Crosse and Becquerel« The seas obeyed, the impulse of 
gentle breezes, and rip|)led their saady bottoms, as seas of the 
present day are doing ; the trees grew as now, by favor of sun 
and t^ind, thriving in good seasons and pining in bad: this 
while th» animals above fishes were yet to be crated. The 

> uMvemenls of the sea, the meteorological agencies, the disposi- 
ticm. which we see in the generality of plants to thrive when 
heai' and nioisturo Were itaost abundant, were kept up in silent 
serenity, as matters of siQiply natural order, throughout the 
whole df the ages which saw reptiles enter in their various forms 
upon the'sea and land. It was about the tima of the first 
mammals that the 'forest of the Dirt-Be«was sinking in na- 
tural ruin amidst the sea sludge, as forests of the PlaHtagenets 
have been doing for several centuries upon the coiLst of Eng- 
land. In short, qU the common operations of the phyaifiol world 

> were going on in their usval amplicity^ obeying thai order vihiok 
we siUlsee governing t/ienp; while the supposed extraordinary 
causes were in requisition for the development of the animal 
and vegetable kingdom^. There surely henpe arises a strong 
presumption agaixist any 9ucb causes. It becomes much more 
likely that the latter phenomena were evolved in the manner 
of law a}so, and that we only dream of extraordinary causes 
here, as men once dreamt of a special action of Deity in every 
qhange of wihd and J)he results of each season, merely be- 
cause they did not 'know the jaws by which the events in ques- 
tion were evolved.^ 
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How, let US suppose, would David Hume,— the greatest 
thinker of which infidelity can boast, — have greeted the aux- 
iliary who could have brought him suoh an argument as a con- 
tribution to the cause ? " Your objection, so far as you have 
stated it," the philosopher might have said, " amounts simply 
to this : — Creation by direct act is^ miracle ; whereas all that 
exists is propagated and mairUamed by natural law. Nati^al 
laws, — to vary the illustration, — were in full operation at the 
period when the Author of the Christian religion was, i^ is 
said,.engaged in working his miracles. When, according to our 
opponents, he walked upon the surface of the sea, Peter, 
through the operation of the natural law of gravitation, was 
sinking into it ; when he withered, by a word, the barren fig- 
tree, there were other trees onih^ Mount thriving in conform- 
ity with the vegetative laws, under the influence of sun and 
shower ; when he raised the dead Lazarus, there were corpses 
in: the neighboring tombs passing, thrpugh the natural putre- 
lactive fermentation, into a state of utter decomposition. In 
fine, at the time when he was engaged, as Eeid and Campbell 
believe, in working miracles in violation of law, the laws of 
which these were a violation actually existed, and were every- 
where actively operative ; or, to employ your own words, when 
the New Testament miracles were, it is alleged^ m the act of 
being wrought, ' all the common operations of the physical 
world were going on in their usual simplicity, obeyingr .that 
order which we still see governyig them/ Such is the portion 
of your statement already made ; what next ?*' " It is surely 
very unlikely," replies the auxiliary, *' that in such a complex 
mass of phenomena there should have been two totally distinct 
modes of the exercise of the Divine power,— ^the mode by mir- 
acle and the mode by law." " Unlikely ! " rejoins the philoso- 
pher ; " on what grounds V* *' 0, just urdUcely,^^ says the aux- 
iliary; — "unlikely that God should be at once operating on 
maMer through the agency of- natural laws, of which mom 
kruym mtich, and through thd agency of mkaculoua acts, ef the 
nature of which man knows nothing^ But I have not thougBt 
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out the sabjeot any farther : you have, in the statement abea- 
dy made, my entire ar^ment." " Ay, I see,*' the author of 
the " Essay on Miracles " would probably have remarked ; 
** you deem it unlikely that deity should not only work in part, 
as he has always done, by means of which men, — clever fellows 
like you and me, — think tney know a great deal, but that he 
sh^nAd also work in part, as he has always dome, by means of 
whieh they know nothing at all. Admirably reasoned out ! — 
You are, I make no doubt, a sound, zealous unbeliever in your 
private capacity, and your argument may have great weight 
with yotir own mind, and be, in consequence, worthy of en- 
couragement in a small \^ay ; but allow me to suggest that, for 
the sake of the general cause, it should be kept out of reach 
of the enemy. There are in the Churches Militant on both 
sides of the Tweed shrewd combatants, who have nearly as 
much wit as ourselves.*' I think I understatfd the reference 
of the author of the "Vestiges " to the dream ** of a special 
action of Deity in every change of wind and the results of 
each season." Takea with what immediately goes before, it 
means something considerably difFefent from those fancies of 
the " untutored Indian,*' who, according to the poet, 

"Saes God in clouds, or hears him in the wind." 

• 

Ther^ is a school of infidelity, tolerably well known in tha cap- 
ital .of Scotland as by far the most superficial which our coun- 
try has yet seen, that measure^ mind with a tape-line and the 
callipers, and, albeit not Christian, laudably exemplifies, in a 
loudly expressed regard for science, the Christian grace of lov- 
ing its enemy. And ihe belief in a special Providence, who 
watchee over andprders all things, and without whose permis- 
sion there falleth not oven a " sparrow to the ground," the 
apostles of this school' set wholly aside, substituting; instead, 
a belief in the indiscriminating operation of natural laws ; as 
if, with the broad fact before them that even man can work 
out his* wilt merely^by knowing and directing * these laws, the 
Ged by whom they were instituted should lack either the 
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power or the wisdom to make them the pUast ministers of hk. 
It is, I fear, to the distinctive tenet in the creed of this hap- 
less school that the author of the " Vestiges " refers. Nor is 
it in the least surprising, tEat a writer who labors* through two 
carefully written volumes,* to destroy the existing belief in 
"God's works of Creation," should affect to hold that the, be- 
lief in his "works of Providence " had been destroyed already. 
But faith in a special superintendence of Deity is not yet dead : 
nay more, He who created the human mind took especial care, 
in its construction, that, save' in a few defective specimens of 
the race, 'the belief should never die. 

The author of the "Vestiges" complains of the illiberality 
with whicfi he has been treated. ** It has appeared to various 
critics," we find him saying, "that v«ry sacred principles are 
threatened by a doctrine of universal law. A.£S4ffiral orign 
of life, and a natural basis in organization for the operations , 
of the human mind, speak to the;n of fatalism and materialism. 
And, strange to say, those who every day give views of phyd" 
cal coemopony altogether discrepant in appearance with that of 
Mosts, apply hard names to my book for suggesting an oirganib 
cosmogony in the same way, liable to inconsiderate odium. I 
must firmly protest against this mode of meeting speculations 
regarding nature. The object of my book, whatever may be 
said of. the manner in which it is treated, is purely scientific. — 
The views which I give • of the history of organization stand 
exactly on the same ground upon which the geofogical doe- 
trines stood fifty years ago. I am merely endeavoring to read 
aright another chapter of the mystic book which G^od has 
placed under the attention of his creatures.* . . The absence 
of all liberality in my reviewers is striking, «nd especially so* 
in those wjiose geological doctrine? have exposed them to sim- 
ilar misconstruction. If the men newly emergisd from * the 



* " Vegti^es of the Natural Hi$tory of Qreatim,** and « Ea^mtwnBt 
being a Sequel to the Vestiges.^^ 
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odium which was thrown upon Newton's theory of the plane- 
tary motions, had rushed forward to turn that oditLm upon the 
patrols of th6 dawning science of Geology, they would have 
been prefiguring the conduct of several of my critics; them- 
selves hardly escaped from the rude hands of the narrow- 
minded, yet eager to join that rabble against a new and equal- 
ly unfriended stranger, as if such were the best means of 
purchasing impunity for themselves. I trust that a UMe time 
wiU enable the public to penettaie this police/," • 

Now, there is one very important point to which the author 
of this complaint docs not seem to have adverted. TEe astro- 
^ Bomer founded his belief in the mobility of the earth and the 
«^ iipmobility of the sun, not on a mere dreaip-like Hypothesis, 
j^ founded on nothing, but on a wide and solid base of pure in- 
^> duction. /^GalileoVas no mere dreamery — he was a discoverer 

r\ \ of great truths, and a profound reasoner regarding th^m : and 
on his discoveries and his reasonings, compelled by the inexoira- 
ble laws of his mental constitution, did he build up certain de- 
4uctive beliefs, which had no previous existence in his mind. 
His cpnvictions were consequents, not Antecedents. Such, 
also, is the character of geologioid discovery and inference and 
of the existing belief, — their joint production, — ^regarding the 
• great antiquity* of Ihe globe. No geologist worthy of the 

name be^an with the belief, and then set himself to square 
geological pl\enomena with its requireinenta. It is a deduc- 
iiin, — ^a result ^-r-not the starting assumption, or given sum, in 
a process of calculation, but its ultimate finding or answer. 
Olergysoien of the orthodox Churches, such as the Sumners, 
Sedgwicks, Bucklands, Oonybeares, and Pye Smiths, of Eng- 
land, or the Chalmerses, Duncans," and, Flemings, of our own 
country, must haye come te the study of this question of the 
world's age with at least no bias in favi)r of the geologicaLesti- 
mate. The old, and, as it has proven^ erroneous reading of the 
Mosaic account, was by much too general a one early in the 
present century, not to have exdrted upon them, in their char- 
acter as ministers of religion, a sensible influence of a directly 
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opposite nature. And the fact of the complete reversal of 
their original bias, and of the broad unhesitating finding on 
the subject which they ultimately substituted instead, serves to 
intimate to the uninitiated the strength of the evidence to 
which they submitted. There can be nothing more certain 
than that it is minds of the same caliber and class, engaged in 
the same inductive track, that yielded m the first instance to 
the astronomical evidence regarding the earth's mot^oB, and, 
in the second, to the geological evidence regarding the earth's 



* The chapter in which this passage occurs originally appeared, with 
several of the others, in the Wttneaa newspaper, in a series of articles, 
entitled "Rambles of a Geologist," and drew forth .the fpUowing letter 
from a ^correspondent of the Scottish Press, the organ of a powerful and 
thoroughly respectable section of the old Dissenters of Scotland. I pre- 
sent it to the reader merely to show, that if, accoriding to the author of 
the " Vestiges," geologists assailed tlie development hypothesis in the 
fond hope of " purchasing impuliity for themselves," they would succeed 
in securing olily disappoinfment for their pains: — 

"TH£ PRE-ADAMITB BARTH, 
« To the Editor of the Scottish Press: 

"Stji, — I occasionally observe articles in your neighbor and cotempo- 
T^ry, the Witness, characteristically headed * Rambles of a GeoUgist,* 
wherein the writer, with great zeal, once more * slays the slain' heresies 
of the '* Vestiges x>f Creation.' This wvter (of the- < Rambles,' I meqn,) 
nevertheless, an4 at the same tiipe,)&nneuBce8 his owu*tenet8 to be much 
of the same sort as. applied to 'mefQ dead matter, that those- of the 
< Vestiges' are with regard to living organisms. He maintains thatthe 
wdrld, durfng the last million of year:;, has been of itself rising or de- 
veloping, without the interposition of a njifacle, from chaos into its pre- 
sent statq; and, of course, as it is still, as a world, confessedly f&r below 
t£e acme. of physical perfection, that it must be just now on its passage* 
self-progressing, toward that •point, which t«rmii)us it may reach in an- 
other minion of years hence [J!!]. The author of the 'Veptiges,' as 
* quoted by tlie author of the < Rambles,' in the last nu^iber of the WU' 
ness, complains that the lattA* and his allies are not af all sp liberal to him 
as, from their present circumstances* and.positiotf, he hmd a right to ex- 
pect Ae (the author qf ^e * Vestiges') reminds hi» opponoiita that 
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But how very different the nature and history of the de* 
velopment hypothesis, and the character of the intellects with 
irfiom it oiiginated, or by whom it has been since adopted! 
In the first place, it existed as a wild dream ere Geology 

they have theiq|«lTe8 only lately epoerged from the antiquated acriptaral 
notions that our world was the direct and almost immediate construction 
of its Creator, — as ipuch so, in 'fact, as any of its organized tenants, — 
and that it was then created in a state of physical excellence the highest 
possible to render it a suitable habitation for these tenants, and all this 
only about six or seven thousand years ago, — ^to the new light of their 
^rewut phyneo-Lamarcldan yiews; and he asks, and certainly not with- 
out reasgu» why should these men, so circumstanced, be so anxious to stop 
him in his attempt to move one step farther forward in the very din^ion 
th\By themselves have made the last move 7 — that is, in his endeavor to 
extend their own principles of self-development from-mere mattei to livr 
ing creatures. Now, sir, I confess myself to be one of tliose (and pos- 
sibly you ma^ have more readers similarly constituted) who not only 
cannot see any great difference between merely j^AysicaZ and orya«tcde« 
velopment [!!], but who would be inclined to allow th^ latter, absurd as 
it is, the advantage in point of likelihood [.!!!!]. TJie author of the 
* Rambles,' however, in the face oi this, assures us that his views of 
physical self-development jBin^ long chronology belon^r to the inductive 
sciences. Now, I could at this stage of his rambles have wished very 
much that, instead of merely saying so, he had given his demonttration. 
He refers, indeed, to several great men, who, he says, are of bis opinions. 
Most 4hat these men have written on the quefttion at issue I have seen, 
bdt it appeared ftir from demonstrative; and some of them,* I know, had 
not fully made up their inind on the point [!!!]. * Perfa'aps the author of 
the < Rambles' could &vor us with tHe inductive process -that converted 
himself; and, as the attainment of. truth, and^ not victory, is my object, I 
promise either to acquiesce in or rationally refute it [?]. Until then I 
hold by my antiquated tenets, that our world, nay, the whole material 
universe, was created about six or seven thousand years ^igo, and that in 
& state of physical excellence of which we have in our present fallen 
world only the < vestiges of creation.' I conclude by mentioning that 
this view I have held now tfor nearly thirty years, and, amidst all the 
vicissitudes of the philosophical world during ihat period, I have never ^ 
seen cause to change it Of coarse, with thifii view I^ was, during the 
interval referred tp, a constant opponent of tfie OQ4SQ..f;|mous,jthough now 
exploded, nebulaf hypothesis of La Place; and I yet expedt to see physu 
eal dneiopment and long chronology wither ftlse on this earthb how that 
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had a^ being as a ecienoe. It was an antecedent, not a 
consequent, — a starting assumption, not a result. No <mA 
will contend that Maillet was a geologist. Geology had no 
place among the sciences in the age in which he lived, and 



LROOT (the said hypothesis) has beea eradicated from the 8kt [!!!]. 
I am, sir, your most obedient servant, 

« Philaletheb." • 

I am afraid there is little hope of conyerting a. man who has held so 
stoutly by his notions '*for nearly thirty years;" especially as, during 
that period, he ha^ been acquainting himself with what writers such a« 
Die. Chalmers, Bucklajid, and Pye Smith have writjten on the other side. 
But for the demonstration which he asks, as / have conducted it, I beg 
leave to refer him to the seventeenth chapter of my little work, *< Firgt 
Impressions of England iind its jPeople." I am, however, indined to 
suspect that he is one of a class whose objections are destined to be ie-> 
moved rather by the operation of the laws of matter than of those of 
mind. For it is a comfortable consideration, that in this .controversy 
the geologists have the laws gf matter on their side; — '* the stars in their 
courses fight against Sisera." Their opponents now, like the opponents 
of the astronomer in the ages gone hy, are, in most iastances, men who 
had been stndying^e jpatter *< for nearly thirty years." When they 
study it for a few years longer, they disappear; and the mei> of the same 
cast and caliber who succeed them are exactly the men who throw them- 
selves most confidently^ into the arms of the enemy, and look down upon 
their poor silent predecessors with the loftiest commiseration. It is, how- 
ever, not uninstructive to remark how thoroughly, in some instances, 
the weaker friends and the wilier enemies of Rev'elation are at one in 
their conclusions respecting natural phenomena. .The correspondent of 
the Scottish Pre^s mereiy regards the views of the author q£ the "Ves- 
tlgea" as possessing '< the advantage, in point of. likelihood," over those 
of the geologists, his antagonists t his. ally, the Dean of York, goes 
greatly farther, and stands up as stoutly for the transmutation of species 
as Lamatck himself. Descanting, in his New System of Geotogyy cfn the 
various formp of trilobites, ammonites, belemnites, &o., Pean Cockburn 
•aysj— 

" The^p creatures appear to have possessed the power of secreting from 
the sfone beneath them a limy covering for their backs, and, perhaps, fed 
partly on the same solid material. Supposing, now, that the first trilo- 
bites were d^troyed by the |Jlandeilo Slates, some spftwn of these crea- 
tures would arise above these flags, and, after a time, wouUl be warmed 
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eyen no name. And yet there is a translation of his Tij^iamed 
now lying before me, bearing date 1750, in whicnl find very 
nearly the same aceount given, of the origin of animals 

into existence. These moUttBes [!!] then, hating a better material from 
which to extract their food and coTering, would probably expand in a 
slightly different form, and with a more extensive mantle than what be- 
longed to the parent species. The same would be still more the case 
with a new generation, fed upon a new deposit from some deeper volcano, 
such as the Caradoc or Wenlock Limestone, -in which lime more and 
more predominates. ]Vow, if any one will examine the various prints of 
trilobites in Sir R. MurchisonVi valuable work, he will find but very 
trifling difierences in a«y of them [!!], and those»differences only in the 
stony covering of their backs. I knew two brothers once much alike : 
a^R one became a curate with a larg^ family; thd other a London alder- 
man. ' If the skins of these two pachydermata had been preserved iir a 
fossil stale, there would have been less resemblance between them 'than 
between an a9apkus tyrannta and an asapkuM caudatus. * * * A 
careful «nd iaborious investigation has discovered, as in the trilobites, a 
difference in the ammonites of differept strata; but such differences, as 
in the former case, exist only in the form of the external shell, and may 
be explained in the same manner [!!!]. * * * As to the soaphiteiS, 
baculites, belemniies, and all the other Ues which learned ingenuity has 
so named, you find them in various strata the same in all important par* 
ticulars, but also differing slightly in their outward coverings, as might be 
expected from the different circumstances in which each variety was 
placed [!!]. The sheep in the warm valleys of Andaluirta have a fine 
covering kke to hair; but remove them to a northern climate, and in a 
few generations the back is covered with shaggy wool. Th^ animal is 
the samey— the Covering only is changed. * * * The learned have 
classed those shells under the names of terebratirfa, orthis, atrypha, peo- 
ten, &c They are all jnuch alike [!!!]. It requires an experienced- eye 
to distinguish them one from another: what little differences have 1>een 
pointed out may readily be aScribed, as before,, to difference of situar 
tions "[!!!]. 

The author o^ the ** Vestiges,'* with this, the fundamental portidn of 
his case, granted to hjm by the Dean, will have exceedingly little difficulty 
in making out the rest for himself. The passage is, however, not with- 
oii.t its value, as Illustrative of the darkness, in matters of physical 
science, « even darkness which may be felt," that js suffered to, linger, 
in this the most scientific of ages, in the Church of Buckland, Sedgwick, 
and Conybeare. • ' 
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and plants as that in«tlie "Vestiges// and in which the sea is 
described ,as thdt great and fruitful womb^bf nature jp which 
organization and life first began. Lamarck, at the time when 
MaiUet wrote, was a boy in his sixth jear. He became, com- 
parativelj early in life, a skillful botanist and conchologist ; but 
not until turned of fifty did he set himself to study general 
zoology; and his greater work on the invertebrate animals, on 
which his fame as a naturalist chiefly rests^ did not J>egin to 
appear, — ^for it was published Berially,---until the year 1815. 
But this development hypothesis, identical with that of the 
" Vestiges," was given to the world long before,^— in 1802 ; at 
a time when it ha4 not been ascertayied that .there existed pla- 
coids during the Silurian period, or ganoids during the Old 
Bed Sandstone period, or enaliostmrs during the Oolitic peridd ; 
and when, though Smith had constraoted his '^ Tabular View 
of the British Strata," his map had not yet appeared, and 
there was little more Snown regarding the laws of superposi- 
tion among the strayed rocks than was to be found in the* 
writings of Werner. And if the presumpticm be strong, in the 
circumstances, that Lamarck originated his development hypo- 
thesis £re he became in any very great degree skillfiil as a zoo- 
logist, it is no mere presumption, .but a demonstrajble truth, 
that he originafed it ere he became a geologist * for a geologist 
he never becaiae. In common with Mailtet and Buffon, he 
held .by Leibnitz's theory of a universal ocean; and such, as 
we have already seen, was his ignorance of* fossils, that he 
erected dermal fragments of the Eussian Asterol^pis into a new 
genus of Polyparia, — an error into^vhich .the merest tyro in 
palaeiontology cOuld not now fall. Sttcli, in relation to these 
sciences, was the man who perfected the dream of develop- 
ment. Nor has the most distinguished of its continental as- 
sertors now living, — Profebsor Oken, — ^any higher claim to be 
regarded as* a disciple of the inductive school of Geology than 
Lamarck. In the preface to the recently published translation 
of his "Physio-Philosophy," we find the following curious con- 
fessfon : — " I wrote the first edition of 1810 ina kind qfin/^% 
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fisOkm, and on that aooonnt it was not np well ananged afl a 
systematjio work ought to be. Now, though this may appear 
to have been amended in the second and third edition, jet still 
it was not possible for me to completely attain the object held 
in view. The book has therefore remained essentially the 
same las regards its fundamental principles^ It is only the 
empirical arrangement into series of plants and animals that hais 
been modified from time to time, in accordance with the scierUific 
elevation of their several departments, or just as discoveries and 
anatomical investigations haioe jncreczsed, and rendered some other 
position of the- objects ai^' matter of necessity** An interesting 
piece of evidence thiis ; 'l)U^certainl^ rather simple as a confes* 
sion. It will be found that while whatevev gives value to the 
" Physio-Philosophy " of th^ German Professor (a work which, 
if divested of all the inspired bits, would be really a good one), 
was acquired either befons or since its first appearance in the 
ordinary way, its development hypothesis came direct from the 
god. Further^ as I have already had occasipn to state, Oken. 
ho^ds, like- Lamarck and Maillet, by the universal ocean of 
Leibnitz : he holds also, that the globe is a vast crystal, juBt« 
little flawed in the facets ; p,ndi that the three granitic oompo-^ 
nents,-^uartz, feldlpar, and mica, — are simply the hail-drops 
of heavy stone showers that shot athwart the original ocean, 
and accumulated into rock at the bottom, as snow or hail shoots 
athwart the upper atmosphere, and accumulates, in the form 
of ice, on the summits of high hills, or in th(^ arctic or'antarcticr 
regions. Such, in the present day, are the geological notions 
of Oken I They were doubtless all promulgated in what is 
modestly enough termed ''a Jdpd of inspiration;" and thertf 
are ferw now so ignosant of Geology as not to know that the 
possessing agent in the case, — ^for inspiration is- not quite the^ 
proper word, — must have been at least of kin to that ingenious 
personage who volunteered of old to be a lying spirit in the 
mouths of the four hundred prophets. ' And the well-known 
fact, that themost popular* CO temporary ^xpotinder of Oken's 
4iypotheBis, — the autibor of the •'Vestiges,^' — ^has in evety edi- 
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tion of his work been correcting, modifying^ or altogether 
withdrawing his statements regarding both geological and zoolo* 
gical phenomena, and that his gradual development as a geo- 
logist and zoologist, from the sufficiently low type of aoqnlre- 
ment to which his first edition bore witness, may be- traced, in 
consequence, with a distinctness and certainty which we in 
vain seek in the cases of presumed development which he would 
so fain establish, — ^has in its bearing exactly the same effect. 
His development hypothesis was complete at a time when his 
geology and zoology were rudimental and imperfect. Give me 
your facts, said the Frenchman, thait . I may accommodate 
them to my theory. And no one can look at the progress of 
the Lamarckian hypothesis, with refereiice to the dates when, 
and the liien by whom; it was promulgated, without recogniz- 
ing in it one' of perhaps, the most striking embodiments of the 
* Frenchman's principle which the World ever saw. • It is not 
the Dliberal religionist thM rejects and casts it off, — it is 
the inductive philosopher. Science addresses its assertory 
in the language of the possessed to the sonsf of Sceva the 
Jew :^— "The astronomer I know, and the geologist I know; 
but who are ye ?" 

One of the strangest passages in the " Sequel ta the Ves- 
tiges," is that in which its author cfarries his appeal from the 
tribunal of science to " another tribunal," indicated but not 
nUmed, b^ore which "this new philosophy" [remarkable 
chiefly for being neither philosophy nor new] " is to be truly 
and righteously judged." The principle is obvious, on which, 
were his opponents mere theologians, wholly unable, though 
they saw the mischievous character and tendency of his con- 
clusions, to disprove them scientifically, he might appeal from 
theology to science: "it is with Skcientific truth," he* might 
urge, "•nt)t with moral consequences, that I have aught- to do." 
But on what allowable principle, professing, as he does, t<J 
found his theory 6n scientific -fact^ can he appeal from science 
to the want of it ? " After di^ussing," he says, " the whole 
arguments on both sides ini so anfple a jmanlsef, it may be 



274 APPIAI. VBOM BCDUrOE 

hardly neoessai^ to aduart to the objection arising from the 
mere fact, that nearly all the scientific men are opposed to the 
theory of the * Vestiges/ As this objection, however, is likely 
to be of some avail with many minds, it ought not to be entirely 
passed over. If I did not think there were reasons, indepen- 
dent of judgment, for the scientific class coming so generally 
to this conalusion, I might feel the more embarrassed in pre- 
senting myself in direct opposition to so many men possessing 
talents and information. As the case really stands, the abi- 
lity of this class to give at the present a true response upon 
such a subject appears extremely challengeable. It is no dis- 
credit to them that they are, almost without exception, engaged 
each in his own little department of science, and able to give 
little or no attention to other parts .of that vast field. From 
year to year, and from age to age, we see them at work, adding, 
no doubt, much to the known, and advancing many important 
interests, but at the same time d#ing little for the establish-^ 
ment of comprehensive views of nature. Expisriments in 
however narrow a walk, facts of whatever minuteness, make 
reputations in scientific societies : all beyond is regarded with 
suspicion and distrust. The consequence is, that philosophy, 
as it exists imone us, does nothing to raise its votaries above 
the common ideas of theiif time. There can therefore be no- 
thing more Conclusive against our hypothesis in the disfavor of 
the scientific class, than in that of any other section of edu- 
cated men." 

This is surely a very strange statement. Waving altogether 
the general fact, that great origiaal discoverers in any depi^t- 
ment of knowledge are never men of one science or one faculty, 
but possess, on the contrary, breadth of mind and multiplicity 
of acquirement; — waving, too, the pariLctdar fact, that the 
more distinguished original discoverers of the present day rank 
i^ongat once its most philosophic, most elegant, .and most 
extensively informed writers; — 'granting, for the argument's 
sake,.th&t our seiontific men- ar^ meivof narrow acquiren^ent, 
and '' exclusively engaged, each in his own little depairtment 



TO THE WANT OF IT. 276 

of science ;" — ^it is surely rational to hold, notwithstanding, 
that in at least these little departments they have a better 
right to be heard than any other class of persons whatever. 
We must surely not r^fase to the man of science what we at 
once grant to the common mechanic. A cotton-weaver or 
calico-printer may be a very narrow man, " exclusively en- 
gaged in his own little department ;" and yet certain it 19 that, 
in a question of cotton- weaving or of calico-printing, his evidence 
is justly deemed more conclusive in courts of law than that of 
any other man, however much his superior in general breadth 
and intelligence. And had the * author of the **^ Vestiges " 
founded his hypothesis on certain facts pertainiyg to the arts 
of- cotton-weaving and calico-printing, the cotton-weaver and 
calico-printer would have an indisputable right to be heard on 
the question of their^ general correctness. Are we to regard 
the case as different because it is on facts pertaining to science, 
not to cotton- weaving or calico-printing, that he professes to 
found ? His hypothesis, unless supported by scientific evi- 
dence, is a mere dream, — a fiction as baseless and wild as any 
in the " Fairy Tales *' or the " Arabian Nights." And, fully 
sensible of the fact, he calls in as witnesses the physical sciences, 
and professes to take down-their evidence. He caUs into court 
Astronomy, Geology, Phytology, and Zoology^ **Hold!'' ex- 
, claims the astronomer, as the examination goes on; ''you are 
taking the evidence of my special science most unfairly*: I 
challenge a Vight of cross-examining the witness." " Hold !" 
eri^s the geologist ; " you are putting my science to the ques- 
tion, and extorting from it, in its agony, a whole series of fic- 
tions : I claim the right of examining it fairly and softly, and 
getting from it just the sober truth, and nothing more." And 
the phytologist and zoologist urge exactly simflar claims. 
"No, gentlemen," replies the author of the "Vestiges," **you 
are narrow men, confined each of you to his own little depart- 
ment, and so I will not permit you to cross-examine the wit- 
nesses." " What I" rejoin the men «f science, " not permit ua 
to examine our own witnesses \ — vefuse to us what you would 
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at ox>oe concede to tlie cotton-weaver or the calico-printer, 
were the question one of cotton- weaving or of calico-printing! 
We afe stlrely not mnch narrower men than the men of cotton or 
the man of calico. It is but in our own little departments that 
we ask to be heard." " But you shall not be heatd, gentle- 
men," says the author of the "Vestiges;" "at all events, I 
shall not care one farthing for anything you say. For observe, 
gentlemen, my hypothesis is nothing without the evidence of 
your sciences ; and you all unite, I see, in taking that evidence 
from me ; and so I confidently raise my appeal in this matter 
to people wfio know nothing about either you or your sciences. 
It must be before another tribunal that the new philosophy id 
to be truly and righteously judged." Alas! what can this 
mean I or where are we to seek for that tribunal of last resort 
to which this ingenious iftan refers with, such confidence tke 
consideration of his case ! Gaii it mean, that he appeals from 
th6 only class of persons qualified to judge ef his facts, to a 
class ignorant of these, but disposed by habits of previous 
skepticism to acquiesce in his conclusions, and take his pre- 
Biiises for granted; — that he appeals from astronomers and 
geologists to low-minded materialists and shallow 'phrenolo- 
gers, — ^from phytologists and zoologists* to mesmerists and 
phreno-mesnlerists ? 

I remember being much struck, several years ago, by a re- 
mark dropped in conversation by the late Bev. lybr. Stewart of 
Cromarty, one of the most original- minded men t ever knew. 
" In reading in my Greek New TegtiCment this morning,'' be 
said, "I was curiously .impressed by a thought which, eimple 
as it may seem, ]!iever occurred to me before. *The portion which 
I perused was in the First Epistle of Peter ; and as I passed 
from the thinking of the passage to the language in which it is 
expressed, — 'This Greek of the untaught GalOean fisherman,' — 
I said, 'so admired by scholars and critics for its unaffected 
dignity and force, was not acquired, as that of Paul* may have 
been, in the ordinary i^ay, but formed.a portion of the Pentecos- 
tal gift ! Here, then, immediately under my* eye, on these 
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pages, are there embodied, not, as in many other parts of the 
Scriptures, the mere details of a miracle, but the direct results 
of a miracle. How strange ! Ha^ the old tables of stone been 
placed before me, with what an awe-struck'feeling would I have 
looked on the characters traced upon them by God's own finger ! 
How is it that I have failed to remember that, in the language 
of these Epistles, miraculously impressed by the Divine power 
upon the mind, I possessed as significant and suggestive a 
relic as that ^^hich the inscription miraculously impressed by 
the Divine power upon the stone could possibly have furnish- 
ed?'" It was a striking thought; and in the course of our 
walk, which led us over richly fossiliferous beds of the Old Red 
Sandstone, to a deposit of the Eathie Lias, largely charged with 
the characteristic remains of that formation, I ventured to con- 
nect it with another. '^ In either case," I remarked, as we 
seated ourselves beside a sea-cliff, sculptured over with the im- 
pressions of extinct plants and shells, " your relics, whether of 
the Pentecostal Greek or pf the characters inscribed on* the 
old tables of stone, could address themselves to but previously 
existing belief. The skeptic would see in the Sinaitic charac- 
ters, were th^y placed before him, merely the work of an ordi- 
nary tool; and in the Greek of Peter and John, a well-known 
language, acquired, he would hold, in the common way. But 
what say you to the relics that stand out in such bold relief 
from the rocks beside us, in their character as the results of 
miracle ? The perished tribes and races which they represent 
all began to exist. There is no truth which science can more 
conclusively demonstrate than that they had /ill a beginning. 
The infidel who, ip. this late age of the world, would attempt 
falhng back on the fiction of an 'infinite series,' would be 
laughed to scorn. They a ll feggatt to be. But how? No 
true geologiit holds by the deyelopment hypothesis ;— it has 
been resigned to scioHsts and smatterers ; — and there is but one 
other alternative. • They began to be, through the mirade of 
creaihn. From the evidence furnished b^ these rocks we are 
shut down either to the belief in miracle, or to the belief ki 
24 
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something else infinitely harder of reception, and as thoroughly 
ansnpported by testimony as it is contrary to experience. 
Hume is at length answered by the severe truths of the stony 
science. He was not, according to Job, ' in league with the 
stones of the field, ' and they have risen in irresistible warfare 
against him in the Creator's behalf/' 
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FINAL CAUSES-.- THEffi BEARING ON 
GEOLOGIC fflSTORY. 

CONCLUSION. 



"Natural History has a principle on which to reason," says 
Cuvier, ** which is peculiar to it, arid whict it employs advan- 
tageously on many occasions : it is that of the conditions of exist- 
ence, commonly termed^wa^ catises" 

In Geology, which is Natural History extended over all 
ages, this principle has a still wider scope, — embracing not 
taerely the characteristics and conditions 5f the being's which 
now exist, but of all, so far as W0«can learn regarding them, which 
have ever existed, — and involving the consideration of not 
merely their peculiarities as races placed before us without 
relation to time, but also of the history of their rise, increkse, 
decline, and extinction. In studying the biography, if I may so 
express myself of an individual animal, we have to acquaint 
ourselves with the circumstances in which pature has placed it, 
— ^its adaptation t9 these, both in structure and instinct, — the 
points of resemblance which it presents to the individuals of 
other races and families, — and the law? which determine 'its 
terms of development, vigorous existence, and decay. And aU 
Natural History, when restricted to the passing tiow of' the 
worid's annals, la simply a congeYies of biographies. It is whdh 
we extend our view into the geological field that it passes from 
Uograpliy^ into history proper ^ and that we have to rise from the 
consideration df the birth and death of individuals, which, in 
aU mer& biographies, form' the great teftninal events that con- 
stitute beginning' and end, to a survey of the birth and death of 
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races, and the elevation or degradation of dynasties and sub- 
kingdoms. 

We learn from human history that nations are as certainly 
mortal as men. They enjoy a greatly longer term of existence, 
but they die at last: Eollin's History of Ancient Nations is a 
history of the dead. And we are taught by geological history, 
in like manner, that species are as mortal as individuals and na- 
tions, and that even genera and families become extinct. There 
is no man upon earth at the present moment whose age greatly 
exceeds a hundred years; — there is no nation now upon 
earth (if we perhaps except the long-lived Chinese) that also 
flourished three thousand years ago ; — there b no species^now 
living upon earth that dates beyond the times of the Tertiary 
deposits. All bear the stamp of death, — individuals, — ^nations 
— species; and we may scarce less safely predicate, looking 
upon the past, that it is appointed for nations and species to 
die, than that it is "appointed for man once to die." 
Eren our own species, as now constiHUed, — with instincts 
that conform to the original injunction, " increase and multiply," 
and that, in conseq[uence, "marry and .are given in marriage," — 
shall one day cease t6 exist: a fact not less in accordance 
with' beliefs inseparable from the faith pf the Christian, than 
with the widely founded experience of the geologist. . Now, il 
is. scarce possible for the human mind to become acquainted with 
the- fact, that at certain periods species began to exist, and 
then, after .the lapse of untold ages, ceased to be, without in- 
quiring whether, from the "conditions^ of existence, commonly 
termed final causes," we cannot deduce a reason for their rise 
or decline, or why their term of being should have been includ- 
ed rather in one certain period of time tha^ another. The same 
faculty which finds employment in tracing to tHeir causes the 
rise and fall of nations, and which it is the merit of the pbiloso-. 
phic historian judiciously to exercise, will to a certainty seek 
employment in this departmeilt of history also ; and that there 
will be an appetency for such speculations in the public minxL, 
we may infer from the success, as U literary undertiikin^, of 
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the ''Vestiges of Oreation," — ^a work that bears the same sort 
of relation in this special field to sober inquiry, founded on the 
true conditions of things, that the legends of the old chroni- 
clers bore to authentic history. The progressive state of geo- 
logic science has hitherto militated against the formation of 
theory of the soberer charaoter. Its facts,— %till merely in the 
forming, — are necessarily imperfect in their classification, amd 
limited in their amount ; and thus the essential data continues 
incomplete. Beside, the men best acquainted with the basis 
of fact which already exists have quite enough to engage them 
in adding to it. But there are limi^ to the field of palseon- 
tological discovery, in its relation to what may be termed the 
chronology of organized existence, which, jud^ng from the 
progress of the science in the past, may be well nigh reached 
in favored localities, such as the British islands, in aborut a 
quarter of a century from the present time ; and then, L doubt 
not, geological history, in legitimate conformity with the laws 
of mind, and from the existence of the- pregnant principle 
peculiar, according to Cuvier, to that science of which Geology 
is simply an extension, will assume a very extraordinary form. 
We cannot yet aspire "to the height of this great argument :" 
oar foundations- are in part stifl unconsolidated and incom- 
plete, and unfitted to sustffin the perfect superstructure which 
shall one day assuredly rise upon them ; but from the little 
which wb can now see, "as if in a glass darkly," enough ap- 
pears from which to 

"Awert eternal Providence, 
And juBtify t^^ ways of God to men." * 

* The history of the four great monarchies of the world was 
typified, in. the prophetic dream of the ancient Babylonish 
king, by a colossal image, "terrible in its form and bright- 
ness," of which the " head was purt gol^," the " breast and 
arms silver," the ** belly and thighs of brass," and the logs 
and feet ".'of iron, and of iron mingled with day." The 
vision in which it formed the central object was appropriately 
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that of a puissant monarch ; and the image itself typified thf 
merely human monarchies of the earth. It would require 
a widely different figure to S3rmholize the great monarchies of 
creation. And yet Bcyelation does furnish sueh a figure. It 
is that which was witnessed hy the captive prophet beside 
"the river Chebaf,** when "the heavens were opened, and he 
saw visions of iGrod." In that chariot of Deity, glowing in 
fire and amber, with its complex wheels " so high that they 
were dreadful," set round about with eyes, there were living 
creatures, of whose four faces three were brute and* one hu- 
man; and high over all s^t the Son of Man. It would almost 
seem as if, in thjs sublime vision, — in which, wh^h features dis- 
tinct enough to iAipress the imagination, there mingle the ele- 
ments of £f,n awful incomprehensibility, and which even the 
genige of Raffaelle has failed adequately to portray, — ^the his- 
tory of all the past and of all the future had been symbolized. 
In the order of Providence intimated in the geologio record, 
the brute faces, as in the vision, outnumber the human; — 
the human dynasty is one, and the dynasties of the inferior 
. apimals are th]:ee; and yet who can doubt that they all equally 
compose parts of a well-ordered and perfect whole^ as the four 
faces fionmed but one cherubim.; that they have been moving 
onward to a definite goal, in the uhity of one grand harmoni- 
ous design, — now " lifted up high" over the Qomprehension of 
earth, — now let down to its humble level ; and that the Crea- 
tor of all has deen ever seated over them on the throne of his 
providence, — a "likeness in the appearance of a man," — em- 
bodying the perfection of his nature in his workings, and 
determining the end from the beginning ? 

There is geologic evidence, as has' been shown, that in the 
course of creation the higher orders succeeded the lower. We 
have no good reason to believe that the Aollusc and crustacean 
preceded the fish, seeing that discovery, in its slo^ course, has 
already teaced the vertebrata in the icjithyic fojrm, down to 
deposits which only a few years ago. Were regarded as repre- 
sentative of the first beginnings of organized exi§tence on oUr 
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planet, and that it has at the same time failed to %dd a lower 
system to that in which their remains occur. But the fish 
seems most certainly to have preceded the reptile and the bird; 
the reptile and the bird to have preceded tl» mammiferous 
quadruped; and the mammiferous quadruped to have preceded 
man, — rational, accountable man, whom God created in his own 
image,-^the much-loved Benjamin of the family, — iast-born 
of all creatures. It is of itself an extraordinary fact, without 
reference to other considerations, that the order adopted by 
Ouvier, in his animal kingdom, as that in which the four great 
classes of vertebrate animals, when marshaled according to 
their rank and standing, naturally range, should be also that 
in. which they occur in order of time. The brain which bears 
a,^ average proportion to the spinal cord of not more than two 
to one, came first, — ^it is the brain of the fish ; that which bears 
to the spinal cord an average proportion of two> and a half to 
one succeeded it, — ^it is the brain of the reptile ; then came the 
brain averaging as three to one, — it is that of the bird ; next 
in succession came the brain that averages as foigr to one, — it 
is that of t£e mammal ; and last of all there appeared a brain 
that averages as twenty-tkree to one, — reasoning, calculating 
man had come upon the scene. All the facts of geological 
science are hostile to the Lamarckian conclusion, that the lower 
brains weve. developed into the higher. A9 If with the express 
intention of preventing so gross a mis-reading of the record, 
^e fipd, in At least two dassdis'of animals, — fishes and reptiles, 
— ^the higher races placed at the beginning: the slope of the 
incUned plane is laid, if one may so speak, in the reverse way, 
and, instead of rising toward the level of the succeeding .class, 
inclines downward, with at least the effect, if not the design, 
of making the break where they, meet exceedingly well marked 
and conspicuous^ And yet the record does seem to speak of 
development und progression; — ^not, however, in the province of 
.organized existence, but in that of insensate matter, subject to 
the purely chemical laws. It is in the style and charaicter of 
the dwdUafig-place that gradual improvement seems to have taken 
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place, — not in the fanctions or the rank of any class of its in- 
habitants ; and it is with special reference to this gradual im- 
provement in onr common mansion-house, the earth, in its 
bearing on the '' conditions of existence/' that not a few of 
onr reasonings regarding the introduction and extinction of 
species and genera must proceed. 

That definite period at which man was introduced upon the 
scene seems to have been specially determined by the condi- 
tions of correspondence which the phenomena of his habitation 
had at length come to assume with the predestined constitution 
of his mind. The large reasoning brain would have been 
wholly out of place in the earlier ages. It ia indubitably the 
nature of man to base the conclusions which regulate all his 
actions on fixed phenomena ; — ^he reasons fifom cause to effect, 
or fr6m effect to eause ; and when placed in circumstances in 
which, from some lack of the necessary basis, he cannot so 
reason, he becomes a wretched,* timid, superstitious creature, 
greatly more helpless and abject than even the inferior ani- 
mals. Thisb unhappy state is strikingly exemplified by that 
deep and peculiar impression made on the mind by a severe 
earthquake, which Humboldt, from his own experience, so pow- 
erfully describes. " This impression," he says, '* is nofr, in my 
opinion, the result of a recollection of those fearful pictures of 
devastation presented to our imagination by the histotical nar- 
ratives of the past, but is rather due to the sudden revelation 
of the delusive nature of the inherent faith by which we had 
clung to a belief in the immobility of the solid parts of the 
earth. We are accustomed, from early childhood, to draw a 
contrfist between the mobility of water and the immobility of 
the soil on which we tread ; and this feeling is confirmed by 
the evidence of our senses. When, therefore, Ve suddenly feel 
the ground move beneath us, a mysterious foree, with which 
we were previously unacquainted, is revealed to urf as an active 
disturber of stability. A x&oment destroys the illusion of a 
whole Hfe ; our deceptive faith in the repose of nature vanishes ; 
and we feel transported into a reafan of unknown destmctiva 
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forces. Every sound, — the faintest motion of tbe air, — arrests 
our attention, and we no longer trust the ground on which 
we stand. There is an idea conveyed to the mind, of some 
universal and unlimited danger. We may flee from the crater 
of a volcano in active eruption, or fl-om the dwelling whose 
destruction is threatened by the approach of the lava stream ; 
but in an earthquake, direct our flight whithersoever we will, 
we still feel as if we trod upon the very focus of destruction." 
Not less striking is the testimony of Dr. Tschudi, in Ms 
"Travels in Peru," regarding this singular effect of earth- 
quakes on the human mind. " No familiarity with the pheno- 
menon can," he remarks, " blunt the feeling. The inhabitant 
of Lima, who, from childhood, has frequently witnessed, these 
convulsions of nature, is roused from his sleep by the shock, 
and rashes from his apartment with the cry of *Misencot'dia f* 
The foreigner from the north of Europe, who knows nothing 
of earthquakes but by description, waits with impatience to 
feel the movements of the earth, and longs (o hear with his 
own ear the subterranean sounds, which he has hitherto con- 
sidered fabulous. With levity he treats the apprehen- 
sion of a coming convulsion, and laughs at the fears of 
the natives ; but as soon as his wish is gratified, he is ter- 
ror-stricken, and is involuntarily prompted to seek safety in 
flight." 

Now, a partially consolidated planet, tempested by frequent 
earthquakes of such terrible potency, that those of the historio 
ages would be but mere ripples of the earth's surface in com- 
parison, could be no proper home for a creature so constituted. 
The fish or reptile, — animals of a limited range of instinct, ex- 
ceedingly tenacious of life in most of thpir varieties, oviparous, 
prolific, and whose young, immediately on their escape fron> 
the egg, can provide for themselves, might enjoy existence in 
such circumstances, to the full extent of their narrow capaci- 
ties; and when sudden death fell upon them, — though their 
remains, scatfered over wide areas, continue to exhibit that 
distortion of posture inpident to violent dissolution, i^hich 
25 
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soems to speak of terror and suffering, — ^we may safely con- 
clude there was but little real suffering in the case : they were 
happy up to a certain point, and unconscious forever after. 
Fishes and reptiles were the proper inhabitants of our planet 
duringthe ages of the earth-tempests; and when, under the ope- 
ration of the chemical laws, these had become less frequent 
and terrible, the higher mammals were introduced. That pro- 
longed ages of these tempests did exist, and that they gradu- 
ally settled down, until the state of things became at length 
comparatively fixed and stable, few geologists will be disposed 
to deny. The evidence which supports this special theory of 
the development of our planet in its capabilities as a scene of 
organized and sentient being, seems palpable at every step. 
Look first at these Grauwacke rocks ; and, after marking how 
in one place the strata have been upturned on their edges for 
miles together, and how in another the Plutonic rock has risen 
molten from below, pass on to the Old Red Sandstone, and 
examine its significant platforms of violent death, — its faults, 
displacements, and dislocations ; see, next, in the Coal Mea- 
sures) those evidences of sinking and ever- sinking strata, for 
thousands of feet together; mark in the Oolite those vast 
overlying masses of trap, stretching athwart the landscape, far 
as the eye can reach ; observe carefully how the signs of con- 
vulsion and catastrophe gradually lessen ad we descend to the 
times of the Tertiary, though even in these ages of the mam- 
miferous quadruped, the earth must have had its oft-recurring 
ague fits of frightful intensity ; and then, on closing the sur- 
vey, consider how exceedingly partial and unfrequent these 
earth -tempests have become in the recent periods. Yes, we 
find everywhere marks of at once progression and identity, — 
'of progress made, and yet identity maintained ; but it is in the 
habitation Jthat we find them, — not in the inhabitants. There 
is a tract of country in Hindustan that contains nearly as 
many square miles as all Great Britain, covered to the depth 
of hundreds of feet by one vast overflow of trap ; a tract simi- 
larly overflown, which exceeds in area all England, occurs in 
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Sonthem Africa. The earth'9 smrface is roughened with such, 
— ^mottled as thickly by the Plutonic masses as the skin of the 
leopard by its spots. The trap district which surrounds our 
Scottish metropolis, and imparts so imposing a character to its 
scenery, is too inconsiderable to be marked on geological maps 
of the world, that we yet see streaked and speckled with simi- 
lar memorials, though on an immensely vaster scale, of the 
eruption and overflow which took place during the earthquake 
ages. What could man have done on the globe at a time when 
such outbursts were comparatively common occurrences? 
What could he have done where Edinburgh now stands during 
that overflow of trap porphyry of which the Pentland range 
forms but a fragment, or that outburst of greenstone of which 
but a portion remains in the dark ponderous coping of Sails* 
bury CraigS, or when the thick floor of rock on which the city 
stands was broken up, like the ice of an arctic sea during a 
tempest in spring, and laid on edge from where it leans against 
the Castle Hill to beyond the quarries at Joppa ? The reason- 
ing brain would have been wholly at fault in a scene of things 
in which it could neither foresee the exterminating calamity 
while yet distant, nor control it when it had come ; and so the 
reasoning brain was not produced until the scene had under- 
gone a slow but thorough process of change, during which, at 
each progressive stage, it had furnished a platform for higher 
and still higher life. When the confferae could flourish on the 
land, and fishes subsist in the seas, fishes and cone-bearing 
plants were created ; when the earth became a fit habitat for 
reptileid and birds, reptiles and birds were produced ; with the 
dawn of a more stable' and mature state of things the sagacious 
quadruped was ushered in ; and, last of all, when man's house 
was fully prepared for him, — when the data on which it is his 
y nature to reason and calculate had become fixed and certain, — 
the reasoning, calculating brain was molded by the creative 
finger, and man became a living soul. Such seems to be the 
true reading of the wondrous inscription chiseled deep in the 
rocks; tt furnishes us with no due by which to unravel tho 
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unapproachable mysteries of ^creation ; these mysteries belong 
to the wondrous Creator, and to Him only. We attempt to 
theorize upon them, and to reduce them to law, and all nature 
rises up against us in our presumptuous rebellion. A stray 
splinter of cone -bearing wood, — a fish's skull or tooth, — the 
vertebra of a reptile, — the humerus of a bird, — the jaw of a 
quadruped, — all, any of these things, weak and insignitfeant as 
they may seem, become in such a quarrel too strong for us and 
our theory: the puny fragment, in the grasp of truth, forms 
as irresistible a weapon as the dry bone did in that of Sampson 
of old ; and our slaughtered sophisms lie piled up, '^ heaps upon 
heaps," before it. 

There is no geological fact nor revealed doctrine with which 
this special scheme of development does not agree. To every 
truth, too, really such, from which the antagonist scheme de- 
rives its shadowy analogies, it leaves its full value. It has no 
quarrel with the facts of even the " Vestiges," in their char- 
acter as realities. There is certainly something very extraor- 
dinary in that foetal progress of the human brain on which the 
assertors of the development hypothesis have founded so much: 
Nature, in constructing this curious organ, first lays down a 
grooved cord, as the carpenter lays down the keel of his vessel ; 
and on this narrow base the perfect brain, as month after month 
passes by, is gradually built up, like the vessel from the keel. 
First it grows up into S brain closely resembling that of a 
fish ; a few additions more convert it into a brain undistin- 
guishable from that of a reptile ; a few additions more impart 
to it the perfect appearance of the brain of a bird ; it then de- 
velopes into a brain exceedingly like that of a mammiferidus 
quadruped; and, finally, expanding atop, and spreading out. its 
deeply corrugated lobes, until they project widely over the base, 
it assumes its unique character as a human brain. Radically^ 
such from the first, it passes toward its full development, 
through all the inferior forms, from that of the fish upward, — 
thus comprising, during its foetal progress, an epitome of geo- 
logic history, as if each man were in himself, not the*mten>- 
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conn of the old fanciful philosopher, but something greatlj 
more wonderful, — a compendium of all animated nature, and 
of kin to every creature that lives. Hence the remark, that 
man is the sum total of all animals, — *^ the animal equivalent," 
says Oken, " to the whole animal kingdom." We are perhaps 
too much in the habit of setting aside real facts, when they 
have been first seized upon by the infidel, and appropriated to 
the purposes of unbelief, as if they had sufiered contamination 
in his hands. We forget, like the brother " weak in the faith," 
instanced by the Apostle, that they are in themselves *' crea- 
tures of God ; " and too readily reject the lesson which they 
teach, simply because they have been offered in sacrifice- to an 
idol. And this strange fact of the progress of the human 
brain is assuredly a fact none the less worth looking at from 
the circumstance that infidelity has looked at it first. On no 
principle recognizable in right reason can it be urged in support 
of the development hypothesis ; it is a fact of fodal develop- 
ment, and of that only. But it would be well should it lead 
our metaphysicians to inquire whether they have not been ren- 
dering their science too insulated and exclusive ; antl whether 
the mind that works by a brain thus " fearfully and wonder- 
fully n^fl,de," ought not to be viewed rather in connection with 
all animated nature, especially as we find nature exemplified in 
the various vertebral forms, than as a thing fundamentally ab- 
stract and distinct. The brain built up of all the types of 
brairiy may be the organ of a mind compounded, if I may so 
express myself, of all the varieties of mind. It would be per- 
haps over fanciful to urge that it is the creature who has made 
himself free of all the elements, whose brain' has been thus in 
. succession that of all their proper denizens ; and that there is 
no animal instinct, the function of which cannot bo illustrated 
by some art mastered by man :/ but there can be nothing over 
fanciful in the suggestion, founded on this fact of foetal devel- 
opment, that possibly somip of the more obscure signs impress- 
ed upon the human character may be best read through the 
i(^6ctacles of natural scienee. The successive phases of the 
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foBtal bran giye at least fair warning that, in tracing to its firat 
principles the moral and intellectual nature of man, what is 
properly his "natural history" should not be overlooked. — 
Okeu, after describing the human creature in one passage as 
'* equivalent to the whole animal kingdom/' designates him in 
another as " God ifholly manifested," and as " God become 
man ; " — a style of expression at which the English reader 
may start, as that of the ''big mouth speaking blasphemy," 
but which has become exceedingly common among the ration- 
alists of the Continent. The irreverent naturalist ought sure- 
ly to have remembered, that the sum total of all the animals 
cannot be different in its nature from the various sums of 
which it is an aggregate, — seeing that no summation ever dif- 
fers in gmlUy from the items summed up, which compose it, — 
and that, though it may amount in this case to man the armud^ 
— ^to man, as he may be weighed, and measured, and subjected 
to thft dissecting knife, — it cannot possibly amount to God. — 
Id God merely a sum total of birds and beasts, reptiles and 
fishes ? — a mere Egyptian deity, composed of fantastic hiero- 
glyphics derived from the forms of the brute creation ? The 
impieties of the transcendentalist may, however, serve to illus- 
trate that mode of seizing on terms which, as the most sacred 
in the message of revelation, have been long coupled in the 
popular mind with saving truths, and forcibly compelling them 
to bear some visionary and illusive meaning, wholly foreign to 
that with which they were originally invested, which has be- 
come so remarkable a part of the policy of modern infidelity. 
Bationalism has learned to sacrifice to Deity with a certain 
measure of conformity to the required pattern ; but it is a 
conformity in appearance only, not in reality: the sacri- 
fice always resembles that of Prometheus of Old, who pre- 
sented to Jupiter what, though it seemed to be an ox with- 
out blemish, was merely an ox-skin stuffed full of bones and 
garbage. 

There is another very remarkable class of facts in geological 
history, which appear to fall as legitimately within the scope 
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of Mrgoment fouoded on final causes, as those which bear on 
tiie appearance of man at his proper era. The period of the 
mammiferous quadrupeds seems, like the succeeding human 
period, to have be^n determined, as I have said, by the earth's 
fitness at the time as a place of habitation for creatures so 
formed. And the bulk to which, in the more extreme cases, 
they attained, appears to have been regulated, as in the higher 
mammals now, with reference to the force of gravity at the 
earth's surface. The Megatherium and the Mastodon, the 
Pinotherium and the extinct elephant, increased in bulk, in 
obedience to the laws of the specific constitution imparted to 
them at their creation ; and these laws bore reference, in turn, 
to another law, — ^that law of gravity which determines that no 
ereature Nf hich moves in air and treads the surface of the earth 
should exceed a certain weight or size. To very near the lim- 
its assigned by this law some of the ancient quadrupeds arose. 
It is even doubtful whether the Dinotherium, the most gigan- 
tic of mammals, may not have been, like the existing sea-lions 
imd morses, mainly an aquatic quadruped; — an inference 
grounded on the circumstance that, in at least portions of its 
framework, it seems to have risen beyond these limits. Now, 
it does not seem wonderful that, with apparent reference to the 
point at which the gravity of bodies at the earth's surface 
bisects the conditions of texture and matter necessary to exist- 
ence among the sub-aerial vertebrata, the reptUes of the Sec- 
ondary periods should have grown up in some of their species 
and genera to the extreme size. A world of frogs, newts, and 
lizards would* have borne stamped upon it the impress of a 
tame and miserable mediocrity, that would have harmonized ill 
with the extent of the earth's capabilities for supporting life on 
a large scale. There would be no principle of adaptation or 
rule of proportion maintained between an animal kingdom 
composed of so contemptible a group of beings, and either the 
dynamic laws under which matter exists on our planet, or the 
luxuriant vegetation which it bore duriog the Secondary ages. 
And such was not the character of the group which composed the 
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reptile dynasty. The Ignanodon must have been quite as tall 
as the elephant, — ^greatly longer, and, it would seem, at least as 
bulky. The Megalosaurus must have at least equaled the 
itinoceros ; the Hylaeosaurus would have outweighed the hip- 
popotamus. And when reptiles that rivaled in size our 
hugest mammals inhabited the land, other reptiles, — Ichthyo- 
saurs, Plesiosaurs, and Cetiosaurs, — scarce less bulky than the 
cetace'a themselves, possessed the sea. Not only was the plat- 
form of being occupied in all its breadth^ but also in all its 
height ; and it is according to our simpler and more obvious 
ideas of adaptation, — simple and obvious because gleaned 
from the very surface of the universe of life,-.— that such should 
have been the case. But it does appear strange, because un- 
der the regulation, it would seem, of a principle of adaptation 
more occult, and, if I may so speak, more Frovidentialj that no 
sooner are the huge 'mammals introduced as a group, than, 
with but a few exceptions, the reptiles appear in greatly dimin- 
ished proportions. They no longer occupy the platform to its 
full extent of Jkeight. Even in tropical countries, in which cei*- 
tain families of mammals still attain to the maximum size, the 
reptiles, if we except the crocodilean family, a few harmless 
turtles, and the degraded boas and pythons, are a small and 
comparatively unimportant race. Nay, the existing giants of 
the class, — the crocodiles and boas,-^hardly equal in bulk the 
third-rate reptiles of the ages of the Oolite and the Wealden. 
So far as can be seen, there is no reason deduoible from the 
nature of things, why the country that sustains a mammal 
bulky as the elephant, should not also support a reptile huge 
as the Iguanodon; or why the Megalosaurus, Hylaeosaurus, 
and Dicynodon, might not have been cotemporary with the 
lion, tiger, and rhinoceros. The change which took place in 
the reptile group immediately on their dethronement at the 
close of the Secondary period, seems scarce less strange than 
that sung by Milton : 

** Behold a wonder ! They but now who aeemed 
In bigness to surpass earth's giant sons; 
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Now less than smallest dwarfs, in narrow room 
Thronged numberless ; like that pygmean race 
Beyond the Indian mount ; or fairy elves, 
Whose midnight revels, by a forest side 
Or fountain, some belated peasant sees, 
Or dreams he sees, while, overhead, the moon 
Sits arbi tress, and nearer to the earth 
Wheels her pale course." 
But though we cannot assign a catbse for this general reduc- 
tion of the reptile class, save simply the will of the all-wise 
Creator, the reason why it should have taken place seems eas- 
ily assignable. It was a bold saying of the old philosophic 
heathen, that " God is the soul of brutes ; " but writers on 
instinct in even our own times have said less warrantable 
things. G od does seem to do for many of the inferior animals 
of the lower divisions, that, though devoid of brain and verte- 
bral column, are yet skillful chemists and accomplished archi- 
tects and mathematicians, what he enables man, through the 
exercise of the reasoning faculty, to do for himself ; and the 
ancient philosopher meant no more. And in clearing away the 
giants of the reptile dynasty, when their kingdom had passed 
away and then re-introducing the class as much shrunken in 
their proportions as restricted m their domains, the Creator 
seems to have been doing for the mammals what man, in the 
character of a " mighty hunter before the Lord," does for him- 
self. There is in nature very litt}e of what can be called War. 
The cities of this country cannot be said to be in a state of 
war, though their cattle-markets are thronged every week with 
animals for slaughter, and the butcher and fisb-monger find 
their places of business thronged with customers. And such, 
in the main, is the condition of the animal world; — it consistis 
of its two classes, — animals of prey, and the animals upon 
which they prey : its wars are simply those of the. butcher and 
fisher, lightened by a dash of the enjoyments of the sportsman. 
" The creatures see of flood and field. 
And those that travel on the wind, 
With them no strife' can last ; they live 
In peace and peace of mind.*' 
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Oenerallj Bpeakiog, the oarniyorous mammalia respect one 
another : lion does not war with tiger, nor the leopard contend 
with the hyena. But the carnivoroas reptiles manifest no such 
respect for the carnivorous mammals. There are fierce con- 
tests in their native jungles, on the banks of the Ganges, be- 
tween the gavial and the tiger ; and in the steaming forests 
of South America, the boa-constrictor casts his terrible coil 
scarce less readily round the puma than the antelope. A world 
which, after it had become a home of the higher herbivorous 
and more powerful carnivorous' mammals, continued to retain 
the gigantic reptiles of its earlier ages, would be a world of 
horrid, exterminating war, and altogether rather a plaoe of 
torment than a scene of intermediate character, in whioh, 
though it sometimes re-echoes the groans of suffering nature, 
life is, in the main, enjoyment. And so, — save in a few excep- 
tional cases, that, while they establish the rule as a feet, serve 
also as a key to unlock that principle of the Divine govern- 
ment on which it appears to rest, — no sooner was the reptile 
removed &om his place in the fore-front of creation, and crea- 
tures of a higher order introduced into the consolidating and 
fast-ripening planet of which he had been so long the monarch, 
than his bulk shrank and his strength lessened, and he assum- 
ed a humility of form and aspect at once in keeping with hia 
reduced circumstances, and compatible with the general welfare. 
But though the reason of the reduction appears obvious, I know 
XH)t that it can be referred to any other catise than simply the 
will of the All- Wise Creator. 

There hangs a mystery greatly more profound over the fact 
of the degradation than over that of the reduction and diminu- 
Hon of classes. We can assign what at least seems to be a 
sufficient reason why, when reptiles formed as a class the 
highest representatives of the vertebrata, they should be of 
imposing bulk and strength, and altogether worthy of that 
post of precedence which they then occupied among the animals. 
We can also assign a reason for the strange reduction which 
took place among them in strength and bulk immediatelj on 
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tbeir removal from the first to the second place. But why not 
only reduction, but also deffradaiion ? Why, as division started 
up in advance of division, — ^first the reptiles in front of the 
fishes, then the quadrupedal mammals in front of the reptiles, 
and, last of all, man in front of the quadrupedal mammals, — 
should. the supplanted classes, — two of them at least — fishes 
and reptiles — for there seem to have been no additions made 
to the mammals since man entered upon the scene, — why 
should they have become the receptacles pf orders and families 
of a degraded character, which had no place among them in 
their menarchical state ? The fishes removed beyond all ana- 
logy with the higher vertebrata, by their homocercal tails, — 
the fishes (^AcarUhopterygii and Sub-brachiati) with their fomr 
limbs slung in a belt round their necks, — the flat fishes (^Pleu^ 
ranectidce), that, in addition to this deformity, are so twisted to 
a side, that while the one eye occupies a single orbit in the 
middle of the skull, the other is thrust out to its edge, — the 
irregular fishes generally (sun-fishes, firog-fishes, hippoeampi, 
&c.) were not introduced into the ichthjic division until after 
the full development of the reptile dynasty ; nor did the hand 
that makes no slips in its working " form the crooked serpent," 
footless, groveling, venom-bearing, — the authorized type of 
a fallen and degraded creature, — until after the introduction 
of the mammals. What can this fact of degradation mean? 
Species and genera seem to be greatly more numerous in the 
present age of the world than in any of the geologic ages. Is 
it not possible that the extension of the chain of being which 
has thus taken place, — ^not only, as we find, through the ad- 
dition of the higher divisions of animals to its upper end, but 
also through the interpolations of loiuer links into the previously 
existing divisions, — ^may have borne reference to some prede- 
termined scheme of well-proportioned gradation, or, according 
to the poet, 

** Of general Order since the whole began?" 

May not, in short, what we term degradation be merely one of 
the modes resorted .to for filling up the voids in creation, and 
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thereby perfectbg a scale which must hav^e been originaUy not 
merely a scale of narrow compass, but also of innumerable 
breaks and blanks, hiatuses and chasms? Such, certainly, 
would be the reading of the enigma which a Soame Jenyns or 
a Bolingbroke would suggest ; but the geologist has learned 
from his scieoce, that the completion of a chain of at least co- 
temporary being, perfect in its gradations, cannot possibly 
have formed the design of Providence. Almost ever since God 
united vitality to matter, the links in this chain of animated 
nature, as if composed of a material too brittle to bear their 
own weight when stretched across the geologic ages, have been 
dropping one after one from his hand, and sinking, fractured 
and broken, into the rocks below. It is urged by Pope, that 
were "we to press on superior powers," and rise from our own 
assigned place to the place immediately above it, we would, in 
consequence of the transposition, 

"In the full creation leave a void, 
Where, one step broken, the great scale's destroyed. 
From nature's chain whatever link we strike, 
'Tenth or ten thousandth, breaks the chain alike." 

The poet could scarce have anticipated that there was a 
science then sleeping in its cradle, and dreaming the dreams 
of Whiston, Leibnitz, and Burnet, which was one day to rise 
and demonstrate that both the tenth and the ten thousandth 
link in the chain had been already broken and laid by, with 
all the thousands of links between ; and that man might laud- 
ably "press on superior powers," and attain to a "new na- 
ture," without in the least affecting the symmetry of creation 
by the void which his elevation would necessarily create ; that 
in fine, voids and blanks in the scale are ex-ceedingly common 
things ; and that if men could, by rising into angels, make one 
blank more, they might do so with perfect impunity. Further, 
even were the graduated chain of Bolingbroke a reality, and 
not what Johnson well designates it^ an " absurd hypothesis," 
and were what I have termed the interpolation o-f links neces- 
sajry to its completion, the mere filling up of the original blanks 
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, and chasms would not necessarily involve the fact of degrada- 
tion, seeing that each blank could be filled up, if I may so ex- 
press myself, from its lower end. Each could be as certainly 
occupied to the full by an elevation of lower forms, as by a 
humiliation of the higher. We might receive the hypothesis 
of Bdlingbroke, and yet find the mysterious fact of degrada- 
tion remain an unsolved riddle in our hands. 

But though I can assign neither reason nor cause for the 
fact, I cannot avoid the conclusion, that it is associated with , 
certain other great facts in the moral government of the uni- 
verse, by those threads of analogical connection which run 
through the entire tissue of Creation and Providence, and im- 
part to it that character of unity which speaks of the single 
producing Mind. The first idea of every religion on earth 
which has arisen out of what may be termed the spiritual in- 
stincts of man's nature, is that of a Future State ; the second 
idea is, that in this state men shall exist in two separate 
classes, — the one in advance of their present condition, the 
other far in the rear of it. It is on these two great beliefs that 
conscience everywhere finds the fulcrum from which it acts 
upon the conduct; and it is, we find, wholly inoperative as a 
force without them. And in that one religion among men 
that, instead of retiring, like the pale ghosts of the others, be- 
fore the light of civilization, brightens and expands in its beams, 
and in favor of whose claim as a revelation from God the high- 
est philosophy has declared, we find these two master ideas 
occupying a still more prominent place than in any of those 
merely indigenous religions that spring up in the human mind 
of themselves. The special leisson which the Adorable Savior, 
during his ministry on earth, oftenest enforced, and to which 
all the others bore reference^ was the lesson of a final separa- 
tion of mankind into two great divisions, — a division of God- 
like men, of whose high standing and full- orbed happiness 
man, in the present scene of things, can form no adequate con- 
ception ; and a division of men finally lost, and doomed to un- 
utterable misery and hopeless degradation. There is not in 
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an BeTelation % single doctrine which we find oftener or mora 
dearij enforced than that there shall continue to exist, through** 
out the endless cycles of the future, a race of degraded men 
and of degraded angels. 

Now, it is truly wondered how thoroughly, in its general 
scope, the revealed pieces on to the geologic record. We know, 
as geologists, that the dynasty of the fish was succeeded by 
that of the reptile, — ^that the dynasty of the reptile was suc- 
ceeded by that of the mammiferous quadruped, — and that the 
dynasty of the manmiiferous quadruped was succeeded by that 
of man as man now exists, — a creature of mixed character, 
and subject, in all conditions, to wide alternations of enjoy- 
ment afid suffering. We know further, — so far at least as we 
haye yet succeeded in deciphering the record, — ^that the several 
dynasties were introduced, not in their lower, but in their 
higher forms; — ^that, in short, in the imposing progranune of 
creation it was arranged, as a general rule, that in each of the 
great divisions of the procession the magnates should walk 
first. We recognize yet further the fiict of degradation spe- 
cially exemplified in the fish and the reptile. And then, pass- 
ing on to the revealed record, we learn that the dynasty of 
man in the mixed state and character is not the final one, but 
that there is to be yet another creation, or, more properly, re- 
creation, known theologically as the Resurrection, which shall 
be confiected in its physical components, by bonds of mysteri- 
ous paternity, with the dynasty which now reigns, and be 
bound to it mentally by the chain of identity, conscious and 
actual ; but which, in all that constitutes superiority, shall be 
as vastly its superior as the dynasty of responsible man is su- 
perior to even the lowest of the preliminary dynasties. We 
are further taught, that at the commencement of this last of 
the dynasties there will be a recreation of not only elevated, 
but also of degraded beings, — a recreation of the lost. We 
are taught yet further, that though the present dynasty be 
that of a lapsed race, Which at their first introduction were 
placed on higher ground than that on which they now stand. 
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Irad sank by tbeir own act, it was yet part of the original de- 
sign, from the beginning of all things, that they shotdd occnpy 
the existing platform ; and that Redemption is thus no after- 
thought, rendered necessary by the Fall, but, on the contrary, 
part of a general scheme, for which provision had been made 
from the beginning ; so that the Divine Man, through whom 
the work of restoration has been effected, was in reality, in 
reference to the purposes of the Eternal, what he is designated 
in the remarkable text, *Uhe Lamb slain from the foufidaiiong 
0/ the vxyrldr Slain from the foundations of the world! 
Gould the assertors of the stony science ask for language more 
express? By piecing the two records together, — ^that revealed 
in Scripture and that revealed in the rocks, — ^records which, 
however widely geologists may mistake the one, or commenta- 
tors misunderstuid the other, have emanated from the same 
great Author, — ^we learn that in slow and solemn majesty has 
period succeeded period, each in succession ushering in a 
higher and yet higher scene of existence, — ^that fish, reptiles, 
mammiferous quadrupeds, have reigned in turn, — that respon- 
sible man, ** made in the image of God," and with dominion 
over all creatures, ultimately entered into a world ripened for 
his reception ; but, further, that this passing scene, in which 
he forms the prominent figure, is not the final one in the long 
series, but merely the last of the prdindnary scenes ; and that 
that period to which the bygone ages, incalculable in amount, 
with all their well-proportioned gradations of being, form the 
imposing vestibule, shall have perfection for its occupant, and 
eternity for its duration. I know not how it may appear to 
others ; but for my own part, I cannot avoid thinking that 
there would be a lack of proportion in the series of being, 
were the period of perfect and glorified humanity abruptly 
connected, without the introduction of an intermediate crea- 
tion of responsible imperfection, with that of the dying irre- 
sponsible brute. That scene of things in which God became 
Man, mod suffered, seems, as it no doubt is, % necessary link in 
the chain. 
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I am aware that I stand on the confines of a mystery which 
man, since the first introduction of sin into the world until 
now, has "vainly aspired to comprehend." But I have no 
new reading of the enigma to oflfer. I know not why it is 
that moral evil exists in the universe of the All- Wise and the 
All-Powerful ; nor through what occult law of Deity it is that 
"perfection should come through suffering." The question, 
like that satellite, ever attendant upon our planet, which pre- 
sents both its sides to the sun, but invariably the same side to 
the earth, hides one of its faces from man, and turns it to but 
the Eye from which all light emanates. And it is in that God- 
wvd phase of the question that the mystery dwells. We can 
map and measure every protuberance and hollow which rough- 
ens the nether disc of the moon, as, during the shades of night, 
it looks down upon our path to cheer and enlighten ; but what 
can we know of the other? It would, however, seem, that 
even in this field of mystery the extent of the inexplicable and 
the unknown is capable of reduction, and that the human un- 
derstanding is vested in an ability of progressing toward the 
central point of that dark field throughout all time, mayhap 
all eternity, as the asymptote progresses upon its curve. Even 
though the essence of the question should forever remain a 
mystery, it may yet, in its reduced and refined state, serve as 
a key for the laying of other mysteries open. The philoso- 
phers are still as ignorant as ever respecting the intrinsic na- 
ture of gravitation ; but regarded simply as a force, how many 
enigmas has it not served to unlock ! And that moral gravitation 
toward evil, manifested by the only two classes of responsible 
beings of which there is aught known, to man, and of which a 
degradation linked by mysterious analogy with a class of 
facts singularly prominent in geologic history is the result, 
occupies apparently a similar place, as a force, in the moral 
dynamics of the universe, and seems suited to perform a 
similar part. Inexplicable itself, it is yet a key to the solu- 
tion of all the minor inexplicabilities in the soheme of Pro- 
vidence. 
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In a matter of such extreme niceness and difficnlty, shall I 
dare venture on an illustrative example ? 

So far as both the geologic and the Scriptural evidence ex- 
tends, no species or family of existences seems to have been in- 
troduced by creation into the present scene of being since the 
appearance of man. In Scripture the formation of the human 
race is described as the terminal act of a series, ''good" in 
all its previous stages, but which became " very good " then ; 
and geologists, judging from the modicum of evidence which 
they have hitherto succeeded in collecting on the subject, — 
evidence still meager, but, so far as it goes, independent and dis- 
tinct, — pronounce "post-Adamio creations" at least "impro- 
bable." The naturalist finds certain animal and vegetable spe- 
cies restricted to certain circles, and that in certain foci in these 
circles they attain to their fullest development and their maxi- 
mum number. And these foci he regards as the original cen- 
ters of creation, whence, in each instance in the process of in- 
crease and multiplication, the plant or creature propagated 
itself outward in circular wavelets of life, that sank at each 
stage as they widened, until at length, at the circumference of 
the area, they wholly ceased. Now we find it argued by Pro- 
fessor Edward Forbes, that " since man's appearance, certain 
geological areas, both of land and water, have been formed, 
presenting such physical conditions as to entitle us to expect 
within their bounds one, or in some instances more than one, 
center of creation, or point of maximum of a zodiogvcal or bo' 
ianical province. But a critical (lamination renders .evident," 
the Professor adds, " that instead of showing distinct foci of 
creation, they have been in all instances peopled by. coloniza- 
tion, t. e. by migration of species from pre-existing, and in 
every case pre-Adamic, provinces. Among the terrestrial 
areas the British isles may serve as an example ; among ma- 
rine, the Baltic, Mediterranean, and Black Seas. The British 
islands have been colonized from various centers of creation 
in (now) continental Europe ; the Baltic Sea from the Celtic 
r^on, although it runs itself into the conditions of the Boreal 
26 
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one ; and the Mediterranean, as it now appears, from the firana 
and flora of the more ancient Lusitanian proyince/' Professor 
Forhes, it is stated farther, in the report of his paper, to whieh 
I owe these details, — a paper read at the Royal Institution in 
March last, — " exhibited, in support of the same view, a map, 
showing the relation which the centers of creation of the air- 
breathing molluscs in Europe bear to the geological history of 
the respective areas, and proving that the whole snail popula- 
tion of its northern and central e^ctent (the portion of the 
continent of newest, and probably post- Adamic origin) had 
been derived from foci of creation seated in pre- Adamio lands. 
And these remarkable facts have induced the Professor," it 
was added, ** to maintain the improbability of post- Adamio 
ereations." 

With the introduction of man into the sceno of ezistence, 
creation, I repeat, seems to have ceased. What is it that now 
takes its place, and performs its work ? During the previous 
dynasties, all elevation in the scale was an effect simply of cre- 
ation. Nature lay dead jn a waste theater of rock, vapor, and 
sea, in whieh the insensate laws, chemical, mechanical, and 
electric, carried on their blind, uninteUigent processes: the 
creaiwe fiat went iforth ; and, amid waters that straightway 
teemed with life in its lower forms, vegetable and animal, the 
dynasty of the fish was introduced. Many ages passed, dur^ 
ing which there took place no fSurther elevation : on the con- 
trary, in not a few of the newly introduced species of the reign- 
ing class there occurred fof the first time examples <^ an 
asymnoetrical misplacement of parts, and, in at least one family 
of fishes, instances of defect of parts : there was the mahifes- 
tation of a downward tendency toward the degradation of 
monstrosity, when the elevatory fiat agam went forth, jmd, 
through an act of creation, the dynasty of the reptile began.— 
Again many ages passed by, marked, apparently, by the intro- 
duction of a warm-blooded oviparous animal, the bird, and of a 
few marsupial quadrupeds^ but in which the prevailing (dads 
reigned undeposed, though at least unelevated: Yet, agauv 
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however, the elevatory fiat went forth, and through cm tui of 
creation the dynasty of the mammiferous quadruped began. — 
And after the further lapse of ages, the elevatory fiat went 
forth yet once more in an act of creation ; and with the human, 
heayen-aspiring dynasty, the moral goveniment of God, in its 
connection with at least the world which we inhabit, " took be- 
ginning." And then creation ceased. Why? Simply be- 
cause God's moral government had begun,-*-becau8e in neces- 
sary conformity with the institution of that government, there 
was to be a thorough identity maintained between the glorified 
and immortal beings of the terminal dynasty, and the dying 
magnates of the dynasty which now is ; and because, in con- 
sequence of the maintenance of this identity as an essential 
condition of this moral government, mere ojcIa of creation could 
no longer carry on the elevatory process. The work analogous 
in its end and object to those axte of creation which gave to our 
planet its successive dynasties of higher and yet higher exist- 
ences^ is the work of Redemption. It is the elevatory process 
of the present time, — the only possible provision for that final 
act of re-creation, ** to everlasting life," which shall usher in 
the terminal dynasty. 

I cannot avoid thinking that many of our theologiauB attach 
a too narrow meaning to the remarkable reason ^' annexed to 
the Fourth Commandment," by the Divine Lawgiver. "God 
rested on the seventh day," says the text, " from all his work 
which He had created and made ; and God blessed the seventh 
day, and sanctified it." And such is the reason given in the 
Decalogue why man should also rest on the seventh day. God 
rested on the Sabbath, and sanctified it ; and therefore man 
ought also to rest on the Sabbath, and keep jt holy. But I 
know not where we shall find grounds for the belief that that 
Sabbath-day during which God rested was merely commensu- 
rate in its duration with one of the Sabbaths of short-lived man, 
— a brief period, measured by a single revolution of the earth 
on its axisk- We have not, as has been shown, a shadow of 
evidence that He, resumed his work of creation om the morrow : 
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the geologist finds no trace of post-Adamic creation, — ^the 
theologian can teU as of none. Qod's Sabbath of rest may 
still exist; — ike work ^RjEDXBfpnoN maybe the work of hia 
Sabbath dasy. That elevatory process through successive acts 
of creation which engaged Him during myriads of ages, was of 
an ordinary week-day character ; but when the term of his 
moral government began, the elevatory process proper to it 
assumed the Divine character of the Sabbath. This special 
view appears to lend peculiar emphasis to the reason embodied 
in the commandment. The collation of the passage with the 
geologic record seems, as if by a species of re-translation, to 
make it enunciate as its injunction, "Keep this day, not 
merely as a day of memorial related to a past fact, but also 
as a day of co-operation with God in the work of elevation in 
relation both to a present fact and a future pui:pose. God 
keeps his Sabbath,'' it says, ''in order that He may save; 
keep yours also, in order that ye may be saved." It serves, 
bes)de, to throw light on the prominence of the Sabbatical 
command, in a digest of law of which no part or tittle can pass 
away until the fulfillment of all things. During the present 
dynasty of probation and trial, that special work of both God 
and man on which the character of the future dynasty depends, 
is the Sabbath-day work of saving and being savcd.''^ 

* The common objection to that special view which regards the dajfi 
of creation as immensely protracted periods of time, furnishes a speci- 
men, if not of reasoning in a circle, at least of reasoning from a mere 
assumption. It first takes for granted, that the Sabbath-day during* 
which God rested was a day of but twenty-four hours ; and then argues, 
from the supposition, that in order to Jleep up tht pruforivm between the 
six previous working days and the seventh day of re8t,«which the reason 
annexed to the fourth commandment demands, theae previous days must 
oHm have been days of twenty-four hours each. It would, I have begun 
to suspect,* square better with the ascertained facts, and be at least equally 
in accordance with Scripture, to reverse the process, and argue that, 6e- 
eavat God's working days were immensely protracted periods, Im Sab- 
bath must also be an immensely protracted period. The reason attached 
to the law of the Sabbath seeiiis to be simply a rea$on of proportion; — ^the 
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It is in this dynasty of the future that man's moral and in- 
tellectual faculties will receive their fall development. The 
expectation of any very great advance in the present scene of 
things, — ^great, at least, when measured by man's large capaci- 
ty of conceiving of the good and fair, — seems to be, like all 
human hope when restricted to time, an expectation doomed to 
disappointment. There are certain limits within which the 
race improves ; — civilization is better than the want of it, and 

objection to which I refer is an objection palpably founded on considera- 
tions of proportion. And certainly, were the reason to be divested of 
proportion, it would be divested also of its distinctive character as a rea- 
son. Were it to run as follows, it could not be at all understood: — ^<<Six 
days shalt thou labor, &c., but on the seventh day shalt thou do no labor, 
&c.; for in. six immensely protracted periods of many thousand years 
each did the Lord make the heavens and earth, &c., and then rested dur- 
ing a brief day of twenty-four hours; therefore the Lord blessed the brief 
day of twenty-four hours, and hallowed it" This, I repeat, would not 
be reason. All, however, that seems necessary to the integcity of the 
reason, in its character as such, is, that the proportion of six parti^to se- 
ven should be maintained. God's periods may be periods expressed alge- 
braically by letters symbolical of unknown quantity, and man's periods 
by letters symbolical of quantities well known; but if God's Sabbath be 
equal to one of his six working days, and man's Sabbath equal to 
one of his working days, the integrity of proportion is mtiintained. 
When I see the palpable absurdity of such a reading of the rea- 
son as the one given above, I can see no absurdity whatever in the read- 
ing which I subjoin: — " Six periods (a=a=za=assa=sa) shalt thou labor, 
&c.; but on the seventh period (&s=a) shalt thou do no labor, &c.; for 
in six periods (x=sx='x=x=x^x) the Lord made heaven and earth, &c., 
and rested the eeyenih period (y=x); therefore the Lord blessed the se- 
venth period, and hallowed it. The reason, in its character as a reason 
of proportion, survives here in all its integrity. Man, when in his un- 
fallen estate,* bore the image of God, but it must have been a miniature 
image at best; — the proportion of man's week to that of his Maker may, 
for aught that appears, be mathematically just in its proportions, and yet 
be a miniature image too, — the mere scale of a map, oh which inches 
represent geographic^ degrees. All those week-days and Sabbath-days 
of man which have come and gone since man first entered upon this 
scene of being, with all which shall yet come and go, until the resurrec- 
tion of the dead terminates the work of Redemption, may be included^ 
and probably are included, in the one Sabbath-day of God. 
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the taught saperior to the nntanght man. There if a ohange, 
too, effected in the moral nature, through that Spirit which, by 
working belief in the heart, brings its aspirations into harmony 
with the realities of the unseen world, that, in at least its rela« 
tion to the future state, cannot be estimated too highly. But 
conception can travel yery far beyond even its best effects in their 
merely secular bearing; nay, it is peculiarly its nature to show 
the men most truly the subjects of it, how miserably they fall 
short of the high standard of conduct and feeling which it 
erects, and to teach them, more emphatically than by words, 
that their degree of happiness must of necessity be as low 
as their moral attainments are humble. Further, — man, 
though he has been increasing in knowledege eyer since his ap- 
pearance on earth, has not been improving in faculty; — a 
shrewd fact, which they who expect most from- the future of 
this world would do well to consider. The ancient masters of 
mind were in no respect inferior in caliber to their successors. 
We have not yet shot ahead of the old Greeks in either the 
perception of the beautiful, or in the ability of producing it ; 
there has been no improvement in the inventive faculty since 
the Siad was written, some three thousand years ago ; nor has 
taste become more exquisite, or the perception of the harmony 
of numbers more nice, since the age of the ^neid. Science is 
cumulative in its character ; and so its votaries in modem times 
stand on a higher pedestal than their predecessors. But though 
nature produced a Newton some two centuries ago, as she pro- 
duced a Goliath of Gath at an earlier period, the modern philo- 
sopher!^, as a class, do not exceed in actual stature the worse- 
informed ancients, — the Euclids, Archimedeses, ^nd Aris- 
totles. We would be without excuse if, with the Bacon, Milton, 
and Shakspeare of these latter ages of the world full before us, 
we recurred to the obsolete belief that the human race is de- 
teriorating; but then, on the other hand, we have certain evidence, 
that since genius first began unconsciously to register in its works 
its own bulk and proportions, there has beeki^ no increase in the 
mass or improvement in the quality of individttal mind. As for 



OOKOLUSION. 307 

the dream that there is to be some extraordinary elevation of the 
general platform of the race achieved by means of education, it is 
simply the hallucination of the age, — the world's present alche- 
mical expedient for converting farthings into guineas, sheerly by 
dint of scouring. Not but that education is good : it exercises, 
and, in the ordinary mind, developes, faculty. But it will not 
anticipate the terminal dynasty. Yet further, — man's aver- 
age capacity of happiness seems to be as limited and as incapa- 
ble of increase as his average reach of intellect : it is a medio- 
cre capacity at best ; nor is it greater by a shade now, in these 
days of power-looms and portable manures, than in the times of 
the old patriarchs. So long, too, as the law of increase contin- 
ues, man must be subject to the law of death, with its stern 
attendants, suffering aed sorrow ; for the two laws go neces- 
sarily together ; and so long as death reigns, human creatures, 
in even the best of times, will continue to quit this scene of 
being without professing much satisfaction at what they have 
found either in it or themselves. It will no doubt be a less 
miserable world than it is now, when the good come, as there is 
reason to hope they one day shall, to be a majority; but it will be 
felt to be an inferior sort of world even then, and be even fuller 
than now of wishes and longings for a better. Let it improve as it 
may, it will be a scene of probation and trial until the end. And 
.so Faith, undeceived by the mirage of the midway desert, what- 
ever form or name, political or religious, the phantasmagoria 
may bear, must continue to look beyond its unsolid and tremu- 
lous glitter, — its bare rocks exaggerated by the vapor into 
air-drawn castles, and its stunted bushes magnified into goodly 
trees, — and, fixing her gaze upon the re-creation yet future, 
— the terminal dynasty yet unbegun, — she must be content 
to enter upon her final rest, — for she will not enter upon it 
earlier, — "at return" 

" Of Him, the Woman's Seed, 
Last in the clouds, from heaven to be revealed 
In glory of the Father, t» dissolve 
Satan with his perverted world, then raise 
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From the conflagrant man, pnrged and refinedf 
New heavenSp new earth, ages of endless date, 
Foanded in righteousness, and peace, and love, 
To bring forth fruits, — joy and eternal bliss." 

But it may be judged that I am trespassing on a field into 
which I have no right to enter. Save, however, for its close 
proximity with that in which the geologist expatiates as pro- 
p^ly his own, this little volume would never have been written. 
It is the fact that man must belie vingly co-operate with Grod 
in the work of preparation for the final dynasty, or exist through- 
out its never-ending cycles as a lost and degraded creature, that 
alone renders the development hypothesis formidable. By in- 
culcating that the elevatory process is one of natural law, not 
of moral endeavor, — by teaching, inferentially at least, that 
in the better state of things which is coming there is to be 
an identity of race with that of the existing dynasty, but no 
identity of individual consciousness, — that, on the contrary, 
the life after death which we are to inherit is to be merely a 
horrid life of wriggling impurities, originated in the putrefactive 
mucus, — and that thus the men who now live possess no real 
stake in the kingdom of the future, — it is its direct tendency, 
80 far as its influence extends, to render the required co-opera- 
tion with God an impossibility. For that co-operation cannot 
exist without belief as its basis. The hypothesis involves a 
misreading of the geologic record, which not merely affects its 
meaning in relation to the mind, and thus, in a question of 
science, substitutes error for truth, but which also threatens to 
affect the record itself, in relation to the destiny of every indi- 
vidual perverted and led astray. It threatens to write down 
among the degraded and the lost, men who, under the influence 
of an unshaken faith, might have risen at the dawn of the ter- 
minal period, to enjoy the fullness of eternity among the glori- 
fied and the good. 

r 

THE END. 
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